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'The full advantages of irrigation are best realised in 
dry tr^ical or semi-tropical countries, where rain falls 
only at long intervals. Tl^re, many a large tract of' 
land, that is naturally barren and wortblibss, is, with 
this provision, seen to yield rich and abundant crops. In 
these countries irrigation is a commercial necessity, 
and large sums of money arc profitably expended on itjs* 
In countries of Northern Europe, where the climate 
is humid and temperate, by far the largest outlay is 
incurred, not in irrigation works, but in draining 
lands which suffer from an excess of moisture. . It can 
rarely be necessary, on such soils, except in periods of 
exceptional drought, to have recourse to the double 
and expensive process of subsoil draining followed by 
irrigation. Subsoil draining is in itself a protection 
against drought; and deep tillage and frequent hoeing 
and stirring of the surface soil are to some extent sub¬ 
stitutes for rain, in the cultivation of plants. Still, in a 
climate like that of Britain, where the rainfall varies 
from 15 inches or less annually in dry districts in dry 
years, to 150 inches or more in wet districts in wet years, 
it would be strange if the extremes of drought and flood 
did not occasion, at different times and in different 
places, the need of irrigation as well as of drainage. 
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. There* are, indeed, few English farms that could 
not, in average yegrs, with a good command of water 
for irrigating crops, he made to produce far more 
largely -than they do, and that without incurring out¬ 
lay upon costly engineering works. It is not very 
wide of the mark, perhaps, to' affirm that English 
water-meadows are doubled in, value by irrigation ; and 
a good supply of water has been known to increase the 
value of arable land from four to ten fold. 

But because the need of irrigation is not incessant, 
and because abundance of water is within reach of 
every farmer in this country, and can generally be 
drawn upon freely and v^'thout cost, the watering 
of crops in diy weather suffers unaccountable neglect 
amongst us. We have seen crops allowed to fail from 
drought, in situations where two or three furrows 
/narked out by a plough, and connected with some 
neighbouring watercourse, could have been made the 
means of watering many acres of land. 

In countries where irrigation is not such a casual 
necessiti/ as it is in our own, the agriculturists are 
more careful to adapt their lands for it, though in 
most cases they have to pay dear for the water they 
use, and often also have to raise it, at great additional 
expense. Id the elevation of the lands to be watered. 

On small holdings, and especially in garden culture 
and upon market-garden farms, where the value of 
the produce is greater than in ordinary farming, the 
possibilities of irrigation, and the benefits of its 
practice, can scarcely be exaggerated, even in situations 
where considerable expense may be involved in obtain¬ 
ing and applying the necessary quantities of water. 

Agricultural water-supply, however, involves much 
besides the w^atering of crops. With the live stock of 
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|]ie farm, the need of water is more urgent than for 
irrigation, and the dependence of li^e stock on artificial 
supplies is more incessant. Only those who have had 
experience in stock-keeping on a large scale, in'regions 
where there is little or no rainfall during many months 
of the year, can realise the full importance of this part 
of our subject. -Hore^ and cattle require on the 
avefage about five gallons each, and a sheep about half 
a gallon, per day, in dry weather. On waterless 
formations, therefore, any means of rendering water 
easily come at does much to enhance the value of the 
land ior grazing purposes. 

In the stock-yards, as jfi. the pastures, a plentiful 
supply of wholesome water is a first n!6cessity; yet 
what is the real state of matters in this respect, on 
many farms ? A month’s dry weather sees the water- 
supply exhausted ; or cattle are compelled to drinS 
from a dirty duck pond, or from some stagnant hole 
which is too often the main receptacle for sewage and 
liquid manure. Is it wonderful that animals com¬ 
pelled to drink such water are injured in heal til ? that 
epidemics break out amongst them ? or that milk from 
cows so treated is a source of dangei* and disease to ihe 
consumers of it ? 

The supply of water for agricultural engines is now 
only of secondary importance to the requirements of 
live stock; and water-power, for driving threshing 
and other machines, if not an absolute necessity, is 
certainly a great advantage in most situations. Every 
acre of land cultivated by steam requires about 100 
gallons of water for engine use, and it is of much conse¬ 
quence that this supply should be accessible at every 
site likely to be occupied by the engines in cultivating 
an entire farm. 
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. Most important of all, however, is the question of 
supplying the farmhouse and the cottages of the fari?i 
with abundance of pure water. Every adult consumes 
daily about half a gallon of water, and of course large 
quantities are required for domestic purposes beyond 
what is actually consumed in food and drink. The 
total daily requirements vary fjom about three gallons 
in cottages, to ten or fifteen gallons in large houses, for 
each person. Unless, at the same time, the water is 
good, a perfectly healthy condition of the body cannot 
be maintained. Many of the most dangerous forms of 
disease are known to be introduced into the system 
niainly through the agenc\ of bad water. It is 
imperative, therefore, in the interests of health, that 
all doubtful ” waters should undergo a complete 
filtering process, which will not merely remove the 
grosser impurities but change chemically those in 
solution, before they are considered fit for drinking. 

The various methods of irrigating land ; of obtaining 
water by artificial means, and of storing and purifying 
it for us(!|; of constructing wells, ponds, and reservoirs ; 
and of raising water by machinery, are the subjects 
discussed at lengthen the following pages. 
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CHAPTER I. 

lEEIGATJON.—TIlFt^Y AND EFFECTS. 

Irrigation is tlie watering of land at will. And 
artificial watering is all the more effectual, as well as 
all the more easy of accomplishment, from the fact 
that the need of it is not incessant, but may generally 
be confined to a few months of the year. 

There are few farms, perhaps, that it would be 
advisable, even were it possible, to lay wholl^r under 
irrigation : at the same time, there are few farms that, 
in average years, could not have be®n made to largely 
increase their crops had they had full control of the 
necessary supply of water. 

On many farms which periodically suffer from 
drought, it is quite possible to control the water 
supply to a much greater extent than is done at 
present, and with the best results. Costly engineering 
works, by which water is conducted long distances for 
purposes of irrigation, are not practicable in general 
agriculture; yet many streams which now run by 
unutilized might be turned to account, and channels 
which now permit the escape of winter rains might, in 

B 
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. many oases, be dammed with little expense, and the 
rainfall saved for irrigating the summer crops. 

On the prairies uhe plans would sometimes have to 
be different, and the expense would probably be 
greater ; but the results obtained would well reward 
the outlay. Where running streams and storage water 
were not available, tube-well^ might be sunk at poifits 
whore the water could be led across a vast plaift, or 
down a valley, in irrigating streams and ditches, until 
it has been wholly absorbed by the soil. In Cali¬ 
fornia single wells are often made to irrigate suffi¬ 
ciently hundreds of acres, by the aid of a reservoir into 
which their waters are discharged when the soil does 
not require them, and there retained until the thirsty 
soil calls for irrigation. 

Ileasons for Irrujation .—Soils which do not contain 
more than 5 to 9 per cent, of moisture, Professor 
Church tells us, wdll yield none of it to the plant. 
Seeds, however, must absorb a very largo quantity of 
water to induce germination. Young growing plants, 
also, r^uirc large supplies of water, and, indeed, all 
vegetable produce when in a growing state. The 
actual proportion if often 70 to 80 per cent,, and some¬ 
times as much as 90 to 90 per cent. The whole of this 
water is absorbed by the plant througli the soil, and 
none of it directly from the atmosphere. When the 
daily evaporation from the leaves exceeds the amount 
of moisture the plant can take up by its roots, the 
plant must witlier and die ; in other words, it suc¬ 
cumbs to drought. 

Professor Johnson says: “The great deserts of the 
world are not sterile because thoy cannot yield the 
soil-food required by vegetation, but because they are 
destitute of water .... Poor soils give good crops 
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in seasons of plentiful and well-distributed rain, or' 
wlten skilfully irrigated; buf insufficient moisture in 
the soil is an evil that no supplies of plant-food can 
neutralize.” 

The reason of this is obvious ; for, in addition to the 
water which enters into vegetable composition, plants 
can only take up their foDd in a fluid condition. Lawes 
and Gilbert, at llothamsted, proved that an acre of 
wheat in five months and eighteen days evaporated 
through its leaves ddSj tons of water. Every drop of 
this water was more or leas instrumental in transport¬ 
ing all atom of food from the soil to some part of the 
plant, and when the dep'osit was made, the water 
which was no longer needed passed off through the 
leaves. 

The reasons for irrigation arc summed up by Pro-- 
fessor Church* as follows :— 

“ 1. To make up for the absence of irregular seasonal 
distribution of rain, or for a local deficiency of rain¬ 
fall. 

“2. Sometimes a particular crop is irrigated4jecauso 
the plant is of an aquatic or scmi-aquatic nature. 

“ d. To encourage early and rapid growth, by warnfth 
of the water, or by the dissolved plant-food which jt 
contains. 

“ 4. That the land may be enriched and its level 
raised by means of the deposit from the water.” 

The third of these reasons, he points out, is the 
determining cause of nearly all the artificial watering 
of land in temperate climates. It is not performed 
because the soil is dry and hot, for it is carried out 
mainly in the wettest and coldest months of the year. 
It is not performed because the crop to be raised is of 
* “Enel. Brit.,” 9th ed., art. Iirigation. 
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‘an essentially aquatic nature, for ordinary grasses and 
meadow herbage are principally watered. But it is 
performed that growth may be stimulated and fed 
through certain agencies which the water brings to 
bear upon the vegetation in question.'^ 

Effects on Soil .—“ The immeuiate effect of irrigation 
upon the consistence of the soil is to soften it and render 
it more easily penetrable by the plough and by the 
roots of the plants. Hence, in dry climates, water is 
frequently applied before ploughing, at the rate of 
about 400 to 500 cubic yards per acre, or barely 
enough to loosen the earth to the depth of a foot with¬ 
out drenching it. But it iiLmost important to observe 
that the ultimate effect of long-continued irrigation is to 
condense and harden the surface to a very inconvenient 
degree. 

“ Irrigation affects the quality of the soil by intro¬ 
ducing into it common air and other gases, and vege¬ 
table and mineral matter held in suspension or solution 
by the water. In most cases the substances so intro¬ 
duced f re beneficial to vegetation; but in some they 
are highly noxious. Even the water of large rivers 
sometimes, as ha^' been observed in India, deposits on 
the surface, or introduces into the texture of the soil, 
salts, which in the course of time render it wholly 
sterile.” 

It likewise acts upon arable soil by facilitating 
the decomposition of soluble organic and inorganic 
matter contained in it, and carrying off such matter 
from it. The extent of this latter action is disputed; but 
it must be considerable, for constituents of vegetable 
growth have been found in under-drain water from 
cultivated fields; and large tracts of ground, impreg¬ 
nated with salts to such a degree as to make them 
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incapable of cultivation, have been rendered fertile by. 
Wiisbing with fresh water. 

On undrained land, irrigatioft often injuriously 
affects the subsoil by charging it with water which 
stagnates in it, and renders it cold and sour to the 
roots of plants which descend into it. 

It also exercises an ipjportant influence on thewater- 
Bu^ly of lands lying at a lower level, by diverting 
from their natural channels streams which originally 
flowed through such lands ; and on the other hand, 
by discharging upon their surface surplus waters from 
irrigated fields, or by saturating them with water, con¬ 
veyed to them from such, if^lds by subterranean infil¬ 
tration. These effects are seen, not oply in the soil 
itself, but in the diminished or augmented volume of 
spring and well water. 

Finally, irrigation modifies the temperature of tllfe 
soil beneficially or injuriously by communicating or 
abstracting heat, and by promoting evaporation from 
the surface, which is necessarily attended with some 
cooling of the ground.* 

Ejfects on Vegetation .—Watering the soil promotes 
the germination of the seeds of cultivated plants, and, 
unfortunately, of weeds; and water is in, and of itself 
a necessary element of vegetable growth. liesides tHis, 
it is never quite free from extraneous matter, and it 
always contains, in solution or in suspension, foreign 
substances useful or injurious to vegetation. Hence, in 
climates and on soils where the natural supply of water 
is insufficient for the normal growth of plants, remu¬ 
nerative agriculture is impossible without artificial 
arrangements for procuring and administering it. 

In many cases, however, although the quantity of 

* Professor Johnson. 
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the product is increased, there is a deterioration in 
the quality of it. Therp is no doubt that all crpps 
which can he raised without watering are superior 
in flavour and in nutritive power to those grown by 
the aid of irrigation. Garden vegetables, in particular, 
when profusely watered, are so insipid as to be hardly 
eatable. Comparative weight is, therefore, not always 
a true test: the heaviest potatoes, for example, are»not 
the best. 

Moderate irrigation of herbaceous plants,” says 
an Italian writer, “accelerates their germination and 
growth, but it checks the ripening of their seeds* and 
if water is applied in exces> .it renders their texture less 
Arm and substantial, and at the same time more subject 
to decomposition and waste.” 

TJiPovjf of I)') Ujaiion, —“Although,” remarks Pro- 
lissor Church, “in many cases it is easy to explain 
the reason why water, artificially applied to land, 
brings crops or increases tlu' yield, the theory of our 
ordinary water-meadow irrigation is rather obscure. 
For we are not dealing in these grass lands with 
a semi-iquatic plant like rice, nor are we supplying 
any lack of wat<?r in the soil, nor restoring the 
moisture which a plant cannot retain under a burning 

SUM. 

“ We irrigate chiefly in the colder and wetter half of 
the year, and we ‘saturate’ with water the soil in 
which are growing such plants as arc perfectly content 
wdth earth not containing more than one-fifth of its 
weight of moisture. 

“We must look, in fact, to a number of small 
advantages, and not to anj’* one striking beneficial 
process, in explaining the aggregate utility of water- 
meadow irrigation. 
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“ We attribute the usefulness of water-meadow irri-. 
gabion then to the following causes :— 

“ 1. The temperature of the wanner being rarely less 
than 10^ Fahr. above freezing, the severity of frost in 
winter is thus obviated, and the growth, especially of 
the roots of grasses, is Encouraged. 

2. Nourishment or plant food is actually brought 
on ^o the soil, by which it is absorbed and retained, 
both for the immediate and future use of the vegetation. 


*‘3. Solution and redistribution of the plant food, 
already })resent in the soil, occurs mainly through the 
solveijt action of the carbonic acid gas present in a 
dissolved state in the irrigal^^ftn water. 

‘^4. Oxidation of any excess of organic matter in 
the soil, with consequent production of useful carbonic 
acid and nitrogen compounds, takes place througli the 
dissolved oxygen in the water, sent on through th€ 
soil, where the drainage is good ; and 

“ 5. Improvement of the grasses, and especially of 
the miscellaneous herbage, of the meadows is promoted 
through the encouragement of some, at least, of the 
better species, and the extinction or reduction oi mosses 
and of unnutritious weeds.” 

Drainage i)i connection with Irrigation .—Irrigation is 
only useful when the water is entirely at tfommaifd, 
both to lay on and to take off at pleasure. Drainage is, 
therefore, a necessary preparation for irrigation. 

Any want of good management on this point will 
entail loss and disappointment. This applies, not 
merely to the period of intermission which may be 
advisable between the waterings, but also, on stiff 
soils particularly, to the thorough under-drainage of 
the land. 

It need not be feared that the thorough drainage of 
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■ irrigated lands will do more harm than good by wash¬ 
ing the most valuable tfonstituents of plant food ♦uut 
of the soil. Phosphoric acid and potash, which are 
the most valuable components of soils and manures, 
Dr. Voelcker tells us, are retained in the land almosi; 
entirely; while lime, magnesia, sulphuric acid, 
chlorine, and soluble silica, the less important because 
more abundant and widely distributed mineral matters, 
pass into the water of land-drainage in considerable 
proportions. There may be a loss of nitrogen, however, 
if the land has been manured with a nitrate, and its 
application is immediatelv followed by irrigation^ Still 
the good effects of drainage will always far more than 
compensate for any losses which may occur in this way. 

Im,poverishing Effects of Irrigation. —Water, as has 
been ^pointed out, stimulates production by its solvent 
action on the constituents of the soil and of manures. 
But for this very reason, prolonged irrigation is apt to 
become injurious, unless the water is rich, or unless 
adequate manuring, cultivation, and drainage attend 
its prac^tico. In well irrigation especially, and also ^ in 
canal irrigation, the water used is often of little fer¬ 
tilizing value, and unless it is rationally used, the re¬ 
sults must be disappointing. Por the first year or two 
after it ifr brought into play it will probably increase 
the crops ; but without the concurrent application of the 
agencies already mentioned for maintaining fertility, it 
must eventually reduce the productive power of the soil. 

This is exactly what has happened in certain districts 
of Upper India, where well and canal irrigation has 
been persisted in for years and generations even, with¬ 
out any attempt at sustaining fertility by the appli¬ 
cation of manures, or to lessen the impoverishing effect 
of the water by good drainage and cultivation. 
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**The real reason/^ says Colonel Corbett,* *f of the 
falling off in the produce t)f canal-irrigated lands 
appears to be the consolidation the pan by the 
treading of the cattle in ploughing, and the hardening 
of the upper soil in irrigation. This causes shallower 
ploughing, the roots of’plants have less depth of soil in 
which to search for food, and cannot force their way 
into* the hardened pan; and there is the alternate 
soaking and drying of the land, during which the 
natural salts of the earth are gradually brought nearer 
the surface by capillary attraction. 

This process may go on for some years before the 
lands show any excessive antount of reh on the surface; 
but the soil is steadily being poisoned by its accumu¬ 
lation near the surface, which accounts, together with 
the increased hardness of the soil, for the diminished 
fertility of lands some time under irrigation.” ^ 

Infiiicnce of Tillage in mitigating Drought .—Hoeing 
and frequent stirring of the soil are good substitutes for 
rain. Those parts of the garden that are most fre¬ 
quently cultivated show the best results in dry Yeather. 
A deep, well-manured soil suffers much less from 
drought than a shallow soil. XJndei^draining also is a 
safeguard against drought. The course of the drains can 
easily be traced in a dry season by the rank«r growth 
of vegetation above them. 

D^ep cultivation keeps the soil loose and open, and 
allows the water to sink into it and escape evaporation. 
In the case of deep cultivation generally, over a 
country, more especially a level country, there is a 
reservoir of water under every field sufficient to supply 
the wants of vegetation, held there by the soil itself. 

A writer in the American Agriculturist states that, 

* “ On the Climate and Eesources of Upper India.” 

B 3 
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since B.ome of tlie great plains of America have been 
broken up by the plough, a great amelioration of l^cal 
climate has taken piace. “As soon as the tough sod 
has been ploughed, and the soil been mellowed and 
made absorbent, the rain soaks into the ground instead 
of flowing off, and, percolating through the subsoil, 
supplies springs, which break-out in low spots and fur¬ 
nish water for new rills and brooks. The atmosphere 
is no longer parched, but becomes moist, and its former 
extreme variations of temperature do not occur. The 
climate changes, and the moisture of the air and the 
consequent rainfalls are increased. A new circulation 
is established, and the storms and showers are those 
of a temperate instead of a torrid zone. Facts have 
shown that these conclusions are correct, and the 
observations taken in many places near the hundredth 
\.neridian, and eastward to the Missouri Fiver, indicate 
a greatly increased rainfall, the increase amounting, in 
many cases, to sevei'al incljes a year. Farmers no 
longer fear disastrous droughts, and there are few 
localities where their business is safer.’* 



CHAPTER II. 

PRACTICAL ADVANTAGES OF IRRIGATIOISr. 

In a climate like tkat of the British Isles, one can 
scarcely realise the full advaiilages which attend irri¬ 
gation in tropical and semi-tropical countries. In 
Ctdifornia and Mexico, in Egypt and India, in parts of 
Southern France, Spain, and Italy, and elsewhere, 
where rain falls only at lengthened intervals, there are^ 
vast tracts of land, now contributing bountifully to the 
world’s commerce and industry,'that would be absolutely 
barren and worthless but fo*r this provision. 

In the South-western States of America there are 
many million acres of the most splendid la^d now 
lying idle and waste, unable to find purchasers at 
even nominal prices, because, without the means of 
irrigating and watering them, they are practically use¬ 
less both for cultivation and for stock-raisiffg. Yet 
the very same lands, which go a-begging at fifty cents 
an acre, in their natural state, when a supply of water 
bas been brought to them, arc eagerly purchased at $5,* 
$10, and even in some cases at $20, and upwards, per 
acre. 

In Colorado, where land is of little value to the 
farmer unless water is assured, Mr. Pabor tells us that 
a quarter-section (160 acres) becomes worth at least 

* 1 dollar — 4s, 2d. 
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$10 per acre when an irrigating canal has been built. 
Water has a commercial falue of $15 per acre, wheiS in 
the shape of a water^right, which is a perpetual claim 
upon a* canal for a certain amount of water each year. 
When water is rented by corporations to consumers it 
has a yearly average value of $2 per inch, running 
continuously throughout the growing season, which 
amount is considered sufficient to irrigate one acre of 
grain land. 

In Madras, taking an average of thirteen improve¬ 
ments, irrigation shows a net annual gain in revenue, 
after deducting all ch:^es, of 134 per cent, per 
annum on the capital. 

In Spain, unwatered land of the first quality sells for 
£32 per acre; when irrigated, the same lands bring 
^£128 per acre. In the same country, second-class land, 
selling at £20 per acre, is at once increased in value to 
£100 per acre; third-class land, worth £12 per acre, 
is increased to £72 ; fourth-class land, worth £6 per 
acre, is increased to £60, when irrigated. A good 
supply ,of water thus increases the value of land from 
four to ten fold. 

In Italy, the increase due to irrigation is also very 
great. Mr. Jackson puts it at SOs. on sandy soil, and 
at 40s. 6ii clayey soils, per acre, annually; which is 
obviously an under estimate if these figures are meant 
to represent the increase of produce duo to irrigation, 
but would probably be near the increased rental 
value. 

In France, where irrigation is not an absolute neces¬ 
sity, as in Spain and Italy, it is generally considered 
that land is worth 50 per cent, more when it can be 
irrigated than when it cannot. In Yaucluse, according 
to Mr. Moncrieff, the rental of good land is about 
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* 

£3 4s. unirrigated ; if irrigated, it rises to about 
£#3s. per acre. * 

In England, where irrigation is chiefly confined to 
the watering of meadows, the produce of grass is at 
least doubled by the operation. In favourable situa¬ 
tions, and in good seasons, an irrigated meadow affords 
—jl) Early spring grass to feed stock, in particular 
ewes and lambs; (2) a good crop of hay ; and (3) a 
good crop of after-math. A dry meadow of the same 
quality would only afford—(1) an inferior crop of hay ; 
and (2) an inferior after-math. 

It is not, perhaps, too j^ch. to assume that the 
meadow will be all the spring crop the better by 
watering. 

To give these advantages a money value, it may be 
said that, in England, if a dry meadow of good quality 
is worth £2 per acre to rent, the same land, irrigated, 
will probably be worth £5 per acre. 

Water meadows not only afford grass at an unusual 
season, and when most wanted, but the hay crop is 
more certain and larger; and the land requires no 
manure. These advantages may well be worth an 
additional £3 per acre on good land; while upon poor 
land the increase will be proportionately greater. 



CnAPTEIl III. 

CIRCUMSTANCES FAVOURING IRRIGATION. 

Water Supptt /.—The first consideration, and one 
common to all lands, is the question of water-supply, 
find the possibility of a^iilying that water, or a por¬ 
tion of it, for irrigation purposes. 

Where water can only be procured by sinking or 
boring wells, or by storing rain or flood water in tanks 
Lnd reservoirs—or where the lands arc on a higher 
level than the source of supply, and the water has, 
consequently, to bo raised by artificial means—the 
cost in either case may be greater than tlie profit to be 
derived ; and under such circumstances irrigation will 
often be^deemed impracticable. 

Streams^ where Ihey exist, furnish the most ample 
and most economical supplj'’ of water. This is par- 
tic'.xlarly the case when the water can be i.akcn directly 
from the stream, and brought upon the field by a short 
conductor. 

Sp)iaf/8 are often advantageously situated for irri¬ 
gating lower lands by gravitation, and will, as a rule, 
furnish more water than would be suspected. A con¬ 
tinuous flow of 1 cubic foot of water jier second, 
during twenty-four hours, is sufficient to cover four 
acres of land to a depth of nearly 6 inches. One such 
spring would, therefore, suffice to irrigate many fields, 
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watering them alternately. Where several small. 
sp^^ngs occur near each other, connecting drains can 
often be put in, and the waters c(^lected and brought 
into one channel. 

Canals which serve for irrigation are frequently only 
conveyors of water frofti distant rivers, or from natural 
lakes. If a canal-is formed with the express object 
of Watering a given area of land, the capacity of the 
canal should be large enough to provide a flow con¬ 
siderably in excess of the actual quantity of water 
required. Whore the water has to be carried a long 
distance, and the soil is por^is, the loss by filtration 
and evaporation may amouiit to 25 and even 33 per 
cent, 

Catcli-waier Tanks and Urserroirs .—In many cases 
where irrigation is carried on, the supply of water is 
obtained by impounding the winter rainfall for usc'^ 
during the dry season. Tho flood-water, in very dry 
districts even, when stored and made available at the 
right season, is found amply sufficient for the pro¬ 
duction of good crops. 

Assuming that an inch of water is the least Quantity 
that should be applied at each watet^'ng, this, over one 
acre of surface, is equal to 3,030 cubic feet, or 27,152 
gallons. To irrigate 30 acres once, at this r^^te, would 
require a tank capacity of 108,900 cubic feet, or a tank 
exactly i acre in extent and 10 feet deej); and to irri¬ 
gate 30 acres four times, or 00 acres twice, would re¬ 
quire a tank four times as large, or 1 acre in extent and 
10 feet deep, 

A tank or reservoir can often be formed by merely 
erecting a dam or embankment to impound the water 
in a natural basin or ravine. Indeed, it will seldom 
pay to make a ground-tank where the impounding 
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basin has to be -wholly excavated- A tank 1 acre in 
extent and 10 feet deep dontains 16,133 cubic yards’of 
earth, measured in place; and this cannot, under the 
most favourable management, he removed for less than 
2d. per yard, or £134 8s. lOd., and generally the cost 
will reach 4d. per cubic yard, or even more. Even at 
the smaller sum the outlay weuld be even £4 10s. per 
acre for 30 acres; and there are few cases, perhaps, 
where it would pay a tenant farmer to incur that 
expense, although the improvement would he perma¬ 
nent, and would ultimately, no doubt, repay itself. 

WeUa .—Where no be‘^r method of procuring water 
can be devised, wells may be resorted to. The great 
objection to wells, however, is not merely the first cost, 
but generally the after-expense of raising the water. 

- Artesian wells are often recommended as a source of 
water for irrigation; but they cannot always be de¬ 
pended upon for this purpose, as few of them can yield 
an adequate supply of water. At the best “ wells can 
only be depended upon for such a small supply as 
would ^erve to irrigate a garden or small market farm, 
where the large value of the crops admit of raising 
water for a lengthened season, and storing it in reser¬ 
voirs for use in emergencies. The idea that artesian 
wells may he made a source of supply for completely 
irrigating large tracts of land, if ever held by over- 
sanguine persons, must be abandoned. For partial 
irrigation they may be made available ; but the 
quantity of water needed for the irrigation of a few 
acres of land only, in localities where there is no 
summer rainfall, as upon our western plains, is far 
beyond the capacity.of any artesian well to supply, 
unless it be one of extraordinary volume. 

“Not long ago the Scientific American editorially 



‘cmCUMSTANCES FAVOURING IRRIGATION. 


17 


announced that one artesian well would supply a farm 
of ^10 acres upon the plains \^ith water for irrigation, 
and would also form a nucleus fot many large stock 
farms. 

“ The late Horace Greeley, who, although an enthu¬ 
siast upon this subject, was more nearly correct, thought 
one artesian well would aserve to irrigate a quarter- 
section of land, or 160 acres. 

” An artesian well, 6 inches in diameter, would give 
a stream of 28 square inches, and would deliver 32 
quarts per second, if the flow were at the rate of 4 
miles an hour. / 

“ Such a well would furnish an inch of water per 
day for 28 acres, or an inch a week for 196 acres, 
which would be a very insufiicient quantity to irrigate 
dry open soils in places where the climate is arid. 

The cost of such a well would be at least $5,000 
to $10,000, or more than the value of the land when 
irrigated.” * 

It will be seen from what follows in another chapter 
that these estimates of the capacity of artesian wells 
are far short of the results actually obtained by sink¬ 
ing wells in Australia and elsewhere. Tube-wells, 
too, can be put dowr at a comparatively trifling ex¬ 
pense, compared with the outlay which has In many 
cases been incurred in sinking artesian wells. 

The multiplication of wells in any district, it need 
scarcely be remarked, has the efiect of lowering the 
spring level. This creates a necessity for deeper wells, 
causing the water to be raised from a greater depth, 
and entailing more expense. 

Use of Drainage Wafer for Irrigation .—It will some¬ 
times happen that drainage water can be utilized for 

* Stewart, “Irrigation for the Farm, Garden, and Orchard." 
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irrigation purposes; but we by no means advocate the 
theory sometimes advanced that drainage is impearfect 
unless accompanied by irrigation. We do not admit 
the general truth of the proposition that on wet soils it 
is necessary to have recourse to the double and expen¬ 
sive process of deep draining, followed by irrigation. 
There is, doubtless, a certai?;i medium depth of drain, 
dependent of course on the nature of the soil and sub¬ 
soil, which will remove the excess of moisture in wet 
weather, as from a sponge saturated with water, and 
yet retain, like a damp sponge, sufficient moisture for 
the purpose of vegetation in dry weather. This object, 
ns already explained, may be greatly promoted by deep 
and frequent cultivation. When the drainage water 
from high lands can be used in irrigating lower lying 
lands which are naturally in want of moisture, it may 
be done with advantage. 

Situaiion .—The lands that admit of irrigation with 
most success arc such as lie in low situations on the 
borders of rivers, or in sloping directions on hill-sides, 
where a command of water can be obtained from higher 
ground. The latter may often be irrigat ed more profit¬ 
ably than the former, for they arc usually less pro¬ 
ductive in their natural state; while they can be 
t\'ateredv.at less expense for laying out the ground and 
with a less quantity of water. In tank or well irriga¬ 
tion, or where there is an impounding reservoir, the 
situation of the lands to be watered is comparatively 
immaterial, provided the source of supply is at a higher 
level. 

Soil ,—The soils best adapted for irrigation are those 
of a light and porous nature, such as sands and gravels. 
Clay soils, and also peat soils, are not so often benefited 
by it, except in dry and tropical climates, where the 
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nature of the soil is of less importance than the 
ability to give it an artificiaUwatering in seasons of 
drought. a 

These remarks, of course, have reference more par¬ 
ticularly to the surface soil. A retentive surface soil 
prevents percolation, favours evaporation, and cools the 
land, which are serious disadvantages in irrigation ; 
whiltP a retentive subsoil, underlying a porous surface 
soil, may be a great advantage in dry climates, as it 
economises water. 

Heavy or clay soils must alwaj^s be thoroughly 
under-drained before they can b^ successfully irrigated. 
They will also be farmed with most profit when laid 
down in pasture, for irrigation adds considerably to 
the labour and difficulty of working them. 

The relations of soils to water are extremely various, 
as will appear from the following table :— 


Loose sand . 
Ordinary clay soil 
Ijoaiiiy soil . 
Strong? clay soil . 
Ourdon soil 
T cal ... 


rciTcninge 
of w.iler 

roroontafye of 
water oviipo- 
rated. 

25 

88 4 

40 

52- 

61 

45-'Ji 

61 , 

31 6 

89 * 

24-3 

. 181 

25-5 


M. Debay classifies soils for irrigating purposes 
under three heads: (1) Sandi/Soils; (2) Arffillaceous 
Soils ; (3) Marshy Soils. Of these he gives the highest 
value to sandy soils, the best being a clayey sand, 
warm, dry, and having some portion of marl in its 
composition. The finer the grain of the sand, the 
better adapted is it to irrigating purposes. One feature 
connected with the irrigation of sandy soils is, the 
abundance of reeds and rushes which they will produce 
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when first placed into water; but these will gradually 
disappear as the plants of a higher class of vegetution 
increase. Of the {argillaceous soils it may be said that 
the more tenacious and impermeable they are, the worse 
adapted are they for irrigation; and in such cases, 
where irrigation is adopted, deep drainage and deep 
cultivation are most essential. Marshy soils are the 
least valuable of all for irrigating purposes; but’ when 
well drained and managed they are capable of large 
yields. 

Climate .—The success of irrigation depends in a 
great measure on th^ climate. It answers better in 
a dry climate than in a moist one, and where heavy 
wet seasons alternate with severe droughts, it will only 
be beneficial in the dry seasons. It will also be more 
profitable in a mild and genial climate than in one less 
propitious ; as under the former circumstances it will 
not only afford more ample crops, but also a greater 
number of them, and more certainty of turning them 
to good account. 

Where the climate is fine, irrigated meadows, for 
example, will yield three crops ; first an early and 
valuable pasture for ewes and lambs ; next a crop 
of hay; and, latterly, an after-math or good pas- 
ture. “ 

In less favourable situations, only two crops can be 
obtained—one of hay and one of pasture ; and neither 
of them so rich, nor so capable of being turned to great 
profit. 

The question of rainfall is here, of course, all impor¬ 
tant ; and not merely the amount of annual rainfall, 
but its distribution over days and weeks at various 
periods of the year. 

C)'op& adapted for Irrigation .—Almost any crop may 
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be raised by irrigation, but some plants flourish, better 
under it than others, as the object and purpose of irri¬ 
gation is merely to supply the natural wants of the 
plants, and not to stimulate them to an undue or ex¬ 
cessive growth. The careful irrigator will study the 
wants of the plants he grows, and also the character of 
the soil he cultivates-. , 

In •our own temperate and humid climate, and in 
various other countries of Northern Europe, grass 
meadows seem to be most benefited by irrigation; but in 
warm Southern Europe, Egypt, India, and other parts, 
irrigation is chiefly applied to ^able lands and crops. 
It is worth noticing, perhaps, that while in the latter 
countries irrigation is a commercial necessity, and 
large sums of money are profitably expended on it, 
in the former countries, where the climate is humid 
or temperate, by far the largest outlay is incurred, 
not in irrigation works, but in artificially drain¬ 
ing lands which sufler from a superabundance of 
moisture. 

Of all the cultivated grasses and leguminous plants, 
rye-grass and lucerne are the two which yield tlfe beet 
results ■ under irrigation. The diflereAt species of cab¬ 
bage, beet, and turnip thrive well with occasional 
waterings; as do also grain crops, up to the periofTW 
inflorescence, after which watering becomes injurious 
to them, except for a very short interval when the 
grain is filling. 

Many of the plants cultivated for industrial purposes 
cannot well be grown without artificial supplies of 
water at certain times. Too much water injures them; 
yet much of their success depends on their receiving 
a regulated abundance of moisture. Madder {Euhia 
tinciorum)f the sugar-cane {Saccharum officinarum)^ and 
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many other important plants of commerce are of this 
character. ‘ 

The rice plant, tod a few others of aquatic or semi- 
aquatic habits, are extensively grown under swamp 
irrigation. Watercress is also raised on a large scale, 
in the neighbourhood of most largo cities, under very 
similar conditions. <i 



(DIIAPTEE, IV. 

WATER FOR IRRIGATION—QUALITY AND QUANTITY. 

Quality of Water .—Although it must often happen 
that no choice is possible, yet all waters arc not alike 
suitable for irrigating land. best water for the 

purpose is no doubt that whicn brings with it those 
fertilizing matters which will supply the deficiencies 
of the soil and the wants of the crop irrigated. 

In examining a water, however, as to quality, its 
dissolved and suspended matters must both be taken 
into account. Water having no more than a few 
grains of dissolved matter per gallon answers the pur¬ 
pose in view satisfactorily. 

“Should it be thought,” says Professor Church, 
“ that the traces of the more valuable sorts of ^laiit 
food, such as compounds of nitrogen, phosphates, and 
potash salts, existing in ordinary brook or river water, 
can never bring an appreciable amount of in^nttPIfT 
matter to the soil, or exert an appreciable effect upon 
the vegetation, yet the quantity of water used during 
the season must bo taken into account. If but 3,000 
gallons hourly trickle over and tlirough an acre, and 
if we assume each gallon to contain no more than one- 
tenth of a grain of plant food of the three sorts j ust 
named taken together, still the total, during a season 
including 90 days of actual irrigation, will not be less 
than 9 lbs. per acre.” 
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Clear water, especially if it proceeds from a spring 
in the same field, produces early and plentiful grass, 
but not of a good quality; and the land remains unim¬ 
proved after many years' watering. We have seen the 
same unsatisfactory result where meadow irrigation 
was commenced by drawing water from a stream which 
has its source in the overflo^w of a lake. The stream is 
too pure for this purpose, leaving the richer particles 
in the lake whence it flows. The water, when first 
applied to the meadows, had the effect of eradicating 
moss, and helped to decompose waste vegetable matter ; 
and it, therefore, for^a time acted as a stimulus with 
seeming advantage. But when the meadows were 
annually mown, without an occasional top-dressing, the 
system in the end produced comparative exhaustion. 
It must be the same in many other places, where there 
is no extraneous matter in the irrigating stream, and 
where irrigation is begun without attending to local 
circumstances. 

Thick and muddy waters, which convey along with- 
them a rich and nutritive top-dressing and deposit it 
on tile land, are productive not only of temporary but 
of permanent improvement, enriching the soil itself as 
well as the immediately following crop. Ii; Southern 
'T rauc-to, Mr. Moncrieff * tells us, the difference between 
the meadows irrigated with the silt-bearing waters.of 
the Duranee canals, and those of the clear cold Lorgues, 
is so marked that cultivators prefer to pay for the 
former ten or twelve times the price demanded for the 
latter. 

Artificial richness is sometimes given to waters used 
for irrigation, as when the water is taken from the 
very bottom of a stream in order to carry as much 

* “ Irrigation in Southern Europe.” 
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sediment as possible along with it on to tbe land, or 
where the drainage of sewerS is conducted into the 
irrigating channel. Sewage irrigation, liquid manur¬ 
ing, and the use of light manures dissolved in ’^ater, 
offer the same advantages in a fuller degree, and will 
be dealt with in more detail farther on in this work. 

River waters,—^specialiy such as carry much sus¬ 
pended matter, and such as have received town sewage, 
or the drainage of highly manured land,—are more 
suitable for irrigation than water from tanks, wells, or 
springs. Streams in which fish abound are always 
considered good for irrigating wth. “ Hard ” waters 
are also considered bettor than “soft” waters; this 
hardness being duo to the presence of sulphate and 
carbonate of lime and magnesia, ingredients which are 
highly favourable to fertility. It is for this reason 
that water coming from the chalk formation is so good 
for irrigation purposes. So again with the water that 
comes from a granite formation, for it is rich in potash. 

Water from forests, moors, and peat bogs, or from 
gravel or ferruginous sandstone is, as a rule, of small 
utility so far as plant food is concern|id. Wat^ con¬ 
taining much hydrous oxide of iron is generally con¬ 
sidered very bad for irrigation ; yet Sir John Sinclair 
tells us that the famous Presley bog in Bedforifsfiire is 
strongly impregnated with iron, and that even the 
water used to irrigate it is partially affected by it. 
Running water from mines is highly inimical to vege¬ 
tation ; and amongst other injurious sorts of refuse 
which can find their way into irrigating streams, are 
the chemical wastes from mills and factories in which 
the processes of dyeing, paper-making, metal-working, 
&c., are carried on. 

Chemical analysis is the most satisfactory test of the 
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quality of a water before it is used in irrigation ; but 
some estimate of its pl*obable effects may be fowned 
by observing tbet>natural products, the grasses and 
other^ plants, that grow on the banks and borders of 
the irrigating stream. We do not pretend to give a 
list of the particular plants which will afford this 
criteria of excellence in ev'iry place, for they will be 
found to vary with the soil and climate; but every 
farmer knows the plants which in his district will 
afford this indication of quality in the water used to 
irrigate with. ” As a rule,'’ says Mr. B. Scott Burn, 
“the water is of exiellent quality if water-cresses 
{Nasturtium offielnale), the aquatic ranunculus {Ranun¬ 
culus aqnaiilis), grow near it; or other plants, such as 
the pond weeds {'Potaimgetonpcrfoliatus^ or R.fluitans)^ 
and the speedwells ( Veronica nnngallis, or V. Beccahunga). 
The following plants grow in the neighbourhood of 
water of middling quality : Siam cutifolium, S. angus- 
iifoliu?n, the mints {nicnthw). If no plants are observable 
save the mosses and the sedges ( Care,c acuta and C. stricta ), - 
the quality of the water may be considered as bad.” 

Quantity of JVatcr required. —On this point it is 
impossible to lay down any rule, as the quantity of 
water required for irrigating land so much depends on 
the Climate, the nature of the soil, the object of water¬ 
ing, and the crop grown. 

The more arid the climate, the greater of course the 
demand for water. 

The composition and texture of both the super and 
subsoil greatly influence the amount of water required. 
M. Gasparin states that a soil containing 20 per cent, 
of sand needs irrigation once in fifteen days, while with 
80 per cent, of sand it requires irrigation once in five 
days, A gravelly or sandy subsoil will allow of almost 
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unlimited percolation; whilst, if it be clayey and reten- 
tivej^percolation is reduced to a minimum. 

The object of irrigating may be^orely to make up 
deficiencies of rainfall and provide sufficient moisture 
in the soil for the support of a crop ; or it may be for 
the sake of depositing on the land the fertilizing 
matters which are convejjed by the water. If the 
latter is the object in view, very large quantities of 
water may have to be used to produce the required effect. 

In Northern Europe, for example, where irrigated 
meadows are common, iarge qimntities of water are 
allowed to flow over the fields/the principal object 
being to manure the land by the sediment thus depo¬ 
sited. In the warmer climates of Southern Europe, 
India, &c., on the other hand, irrigation is only used to 
moisten the ground, and to supply by artificial means 
the want of rain, which is so much felt at times in 
those countries; and thus it is that the watering 
which would be effectual in the latter case would be 
deemed altogether insufficient for the water-meadows 
of Northern Europe. 

Peculiarities of climate and soil, together wifh the 
object of watering, will generally havfe more influence 
on the amount of water required for irrigation than 
the kind of crop grown. Nevertheless some crSp^cVit 
for very much larger supplies than others. 

The crops watered are usually classed in the follow¬ 
ing order, with regard to their special treatment and 
the amount of water they require :— 

1. Grass meadows. 

2. Lucerne, ryo-grass, and other cultivated forage crops. 

3. t-abbage, turnips, &c. 

4. Beans and i)ca8. 

5. \Vheat, oats, barley. 

6. Sxigar-cane, tobacco, indigo, madder. 

7. liice. 

8. Gardens and fruit-grounds. 

c2 
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The quantity of water supplied during the season— 
which in Europe is onljr about six months in the««year, 
say from April to’October—to ordinary ploughed or 
hoed, field crops varies from 20 to 40 inches. In the 
rice fields, of course, this amount is vastly exceeded; 
as it is also in the water meadows and many other 
grass grounds. The proper quantity, as well as the 
season for applying it, must necessarily vary under 
particular soil and climate. 

A flow of water, equal to 1 cubic foot per second, 
will cover 4 acres to a depth of nearly six inches in 
twenty-four hours ; And, continued one hundred days, 
it will cover 400 acres to the same depth, or 200 acres 
with 12 inches of water. A cubic foot of water per 
second throughout the season has been found sufficient 
to irrigate from 80 to 90 acres of rice, according to the 
rainfall of the district. 

Moncrieff gives the following table, by M. Conte, show¬ 
ing the acreage of each crop watered on the St. Julien 
Canal, and the amount of water required for each, as a 
fair specimen of the irrigation of Southern France :— 


7 

1. 

Surface 

Watered. 

Acro.s. 

2. 

rercentage 
borne by 
each to the 
whole. 

3. 

Number of 
acren of 
each, irrig¬ 
able per 
cubic ft. i)er 
second. 

4- 

Quotient of 
column 1 by 
cohiran 3. 

Discharge in 
cubic ft. per 
second. 

Gardens .... 

1183-9 

10- 

28 

42-6 

Meadows . . . 

789-3 

10-8 

70 

11-3 

Lucerne grass . . 

592- 

8* 

70 

8-4 

Beans .... 

(390-0 

10-2 

50 

13-8 

Madder .... 

394-6 

6-3 

168 

2-3 

(Jliardon .... 

296- 

4* 

184 

1-6 

Sxuidry other crops 

3340-1 

45-7 

464 

7-3 

Total . , 

7286-0 

100- 

— 

87-3 

^ _ _ 


_ 
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The table gives a mean duty of 83 *4 acres watered 
durilig the six months of irrigation, per cubic foot per 
second. But, as Mr. Moncrieff pcjints out, the large 
area classified as sundries makes this result of .little 
value, many of the crops included in this area being only 
watered in an emergency, and not regularly, like some 
of the other crops. If, ifor example, a vineyard is 
looking drooping, or a field of wheat turning prema¬ 
turely yellow, it gets a watering. In cases of great 
droughts, wheat is occasionally watered as many as 
three times. ^ 

The meadows are watered from about every seven tc 
about every fifteen days, and yield three crops in the 
season. Lucerne grass is irrigated about as often as 
the ordinary meadows, is cut every month, and yields 
five or six crops during the season. Beans are irri¬ 
gated every five days. Madder is not often irrigated 
more than three or four times after being planted 
out, the last time being immediately before it is 
dug up.* 

In Piedmont and Lombardy, Mr. Jackson tells us,t 
one cubic foot per second waters 50* to 100 acres of 
grass land, or only 40 acres of rice. * In the Madras 
Presidency, and in tlio North-west provinces of India, 
one cubic foot per second waters, in ordinary Seasons, 
100 acres of rice, or other very wet cultivation ; in 
very dry seasons 50 acres. The highest duty actuidly 
performed in Central India is about 270 acres per 
cubic foot per second. 

The following tables, by Mr. Jackson, furnish 
some useful details in regard to Italian irriga¬ 
tion :— 


* Moncricff, ‘-Irrigation in Southern Europe,” 
t “ Hydraulic Manual.” (Croaby Lockwood Uo.) 
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I. 



{ 

Abaorbed. 

n 

j 

Utilised. 

Expended. 

, 

Meadow. 

Arable. 

Meadow. 

Arable. 

Meadow. 

Ai-able. 

Volume of water N 
in c.ubic ft. no- f 
cessary jier acrc' l 
at each watering ) 

588d 

8476 , 

9160 

9697 

1504,6 

1 

f 

1 

■ 

18173 

# 


IL 



I 


(Juantity of continuous \ ! 
Wfiior in cubic foot jx'r / j 
sccoiul 2 *(‘r acre licccssary i | 
for irri{pillion.' 


Meadow laud. 


Wateiiiifi- 
oiieo ill 7 
diiya 


•0248G 


Wateriiif,' 

iiijfp m 10 

days. 


•01740 


Arable laud. 


AV ateriufj 

Watering 

once in 14 

once ill HO 

days. 

dayh. 

•01501 

■01005 


II r. 



Meadow laud. 

Aiable land. 


- 

Watering 
once m 7 
days. 

Watering 
oiiee in lo 
days. 

AVatenng ^ Watering 
once 111 14 once in 20 
days, 1 days. 

■'ItfOd,- I'.i) acres that (;an be l 
irrigated by one cubic ft. > 
per st'cond.) 

40-23 

57-47 

60 GO 

9916 


IV. 



Area in 
acres. 

Sandy soil. 

Clay soil. 

Supply neco.ssary for each acre ^ 
of the irrigable area . . . j 

j 

1-00 

i 

•01346 

•00924 


“ Result adopted for calculation of sumdy to 1 acre : in sandy soil, 
•01346 cubic ft.; in clayey soil, 00924 cubic ft,” 






WATER* FOR IRRIGATION—QUALITY AND QUANTITY. 31 

« 

“ In Table I. the quantity of water sufficient for one 
irrigation or watering is taken*at 15,045 cubic feet for 
meadow and 18,173 for arable land. It cannot be 
doubted, by any one conversant with irrigation in India 
or Spain, that this quantity is excessive. 

“ The object of ordinary irrigation in hot climates is 
simply to supply the placa of rain and softeti the soil, 
and differs much from the irrigation of lands in colder 
regions, which, partaking of the nature of sewage irri¬ 
gation, has for its object the deposition of a fertilizing 
sediment rather than a supply o| moisture. 

“ This latter description of irrigation being excluded 
from the project and data under consideration, the 
former alone has to be dealt with ; and for such pur¬ 
poses, in India and in Spain, a watering of 10,000 
cubic feet is ample, either for pasture or arable land. ^ 
One such watering represents a depth of *23 feet over 
an acre, and is equivalent to a continuous supply 
throughout the year of *000317 cubic feet per second. 

“In a hot climate, or with a drier soil, a greater 
number of waterings might be required, but not a 
larger supply at each watering.” « * 

From the foregoing tables the nuntber of waterings 
appear to be forty-six and twenty-three in the year for 
meadow and arable land respectively on. san<ff^^ soils, 
and thirty and fifteen on clayey soils. “Leaving out 
of consideration the fact that these waterings are a half 
and three-quarters larger than would be requisite in 
India or Spain, their number seems excessive. 

“ In India the number of waterings prescribed on 
the Nageenah Canal, North-west Provinces, is thus :— 

For fruit-gardens.8 per annum. 

„ homp.-5 per crop. 

„ rice, indigo, sugar, tobacco, grass, herbs 4 ,, 

„ cotton, wheat, barley, grains, and pulses 3 ,, 
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yo 


T. 



Abaorted. 

_ o ^ 

Utilised. 

Expended. 

* 

Meadow. 

Arable. 

Meadow. 

Arable 

Meadow. 

Ai'able. 

Volume of water "i 
in cubic ft. ne- f 
cesaary per acre / 
at each watering ) 

5885 

1 

8476 , 

9160 

9697 

I 15015 

1 

1 

18173 


11 . 


V i 

Meadow land. 

Arable land. 

V 

1 

Wa^enuf: 
once in 7 
days. 

■WntGTiiif? 
oiiee 111 10 
days. 

Wfiterin}? 
oiiee in 14 
days. 

1 

Watering! 
once in i!0i 
day.s. 

(iuantity of <"Ontinuous \ ' 
water in cubii; fei't pcT / 
si'c'ond ixii" acre iiecessarv i 
f<jr irrig-ution. / 

•02486 

■01740 

•01501 

•01005 


111. 





Meadow laud. 

Aiable land, 

( 

Watering 

Waterin'? 

Watering* Watering 


once 111 7 

once m 1() 

oiuii> m 14 once in ao 


days. 

days. 

days. 

day.s. 

"TfPeit- ii.j a(;rcs that cun be 1 
irrigated by one cubic ft > 

40"2;i 

57-47 

GO-GO 

99-16 

per second .) 






IV. 


■ 

Area in 
acies. 

8aiidy soil. 

CLiy soil. 

Supply necessary for each acre \ 
of the irrigable area . . . j 

1-00 

■01346 

•00924 


“ Itoeult adopted for ciilcnlation of supply to 1 acre; in sandy soil, 
•0134G cabic ft.; in clayey soil, "00924 cubic ft.” 
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“ Ill Table I. the quantity of water sufficient for one 
irrigation or watering is taken*at 15,045 cubic feet for 
meadow and 18,173 for arable land. It cannot be 
doubted, by any one conversant with irrigation in India 
or Spain, that this quantity is excessive. 

The object of ordinary irrigation in hot climates is 
simply to supply the placa of rain and softeii the soil, 
and differs much from the irrigation of lands in colder 
regions, which, partaking of the nature of sewage irri¬ 
gation, has for its object the deposition of a fertilizing 
sediment rather than a supply oj moisture. 

“ This latter description of irrigation being excluded 
from the project and data under consideration, the 
former alone has to be dealt with ; and for such pur¬ 
poses, in India and in Spain, a watering of 10,000 
cubic feet is ample, either for pasture or arable land. 
One such watering represents a depth of *23 feet over 
an acre, and is equivalent to a continuous supply 
throughout the year of '000317 cubic feet per second. 

“ In a hot climate, or with a drier soil, a greater 
number of waterings might be required, but not a 
larger supply at each watering.” « * 

From the foregoing tables the Dunlber of waterings 
appear to be forty-six and twenty-three in the year for 
meadow and arable land respectively on sand^*'^* soils, 
and thirty and fifteen on clayey soils. “Leaving out 
of consideration the fact that these waterings are a half 
and three-quarters larger than would be requisite in 
India or Spain, their number seems excessive. 

“ In India the number of waterings prescribed on 
the Nageenah Canal, North-west Provinces, is thus :— 

For fruit-gardens.8 per annum. 

„ hemp.5 per crop. 

,, rio(3, indigo, sugar, tobacco, grass, herbs 4 ,, 

„ cotton, wlicat, barley, grains, and pulses 3 ,, 
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“ In Spain the number of waterings in the year 
generally necessary are ?— * 

For com, flax, potatoes, olives, and pines . 6 waterings. 

,,. meadows and artificial grasses . . 8 „ 

„ garden produce.20 ,, 

and these by no means show Jbhe highest duty obtained 
by water in Spain; for gardens on clayey soils* are 
irrigated with ’0014 cubic feet per second per acre 
through the year, and only require double or treble 
that amount, say ‘004 cubic feet per second, in very dry 
seasons; whereas the Vvatering of garden land with 
twenty irrigations, as above, requires ‘012 cubic 
feet.*^ * 

The assessment of the water rate is made in three 
different ways: 

1. By fixed outlet, or by measurement.f 

“ The small channel of supply being constantly full 
and of a certain section, may be charged at so much 
per square inch or square foot of section, independently 
of the amount of pressure, for a certain time, as the 
day of #24 hours. This has been adopted in Italy, but 
has not been found to work well. 

“A further development of this method is to measure 
by»'i!*Hi:*r^1.e all the water as distributed, a mode more 

* Jackson, “ Hydraulic Manual.” 

t There are three methods of measuring the discharge of a stream:— 

1. By weir-gaugos (for small streams) with notch orifice. The 

right-angled triangular notch is the host form of orifice, as 
it measures largo and small quantities with equal precision, 
and has a sonsihly constant co-efficient of construction. 
When orifices are wholly immersed, round or square holes 
are the best, because their co-efficients of construction vary 
less than those of oblong holes. 

2. By current meters, in which the rotations of a fan driven by 

the current are registered by wheel-work. 

3. By calculation, from the dimensions and declivity. Weeds have 

been known to increase friction tenfold. 
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likely to be adopted at present, now that modules are 
les^expensive and more effective than formerly. 

“ 2. By the area of land irrigate, or by crop. 

“ 3. Water distribution by rotation. 

An irrigating channel of fixed dimensions, giving 
a constant fixed discharge, passes through the lands 
of several proprietors; a period of rotation is fixed for 
this channel, from 6 to 16 days, according to the crops. 
Each landowner can then have the whole volume of 
the channel turned on to his land once in the total 
period of rotation for a certaiif number of hours, as 
from 2 to 40, or 50, according to the amount of land 
ho owns. 

“ For example. Let 10 days be the period of rota¬ 
tion, and let him require 12 hours’ supply once in that 
period. His name is placed on the list, say sixth, and 
he gets his supply turned on at a fixed hour, and 
turned off at a fixed hour also. If the channel gives 
20 cubic feet per section, his amount of water is equi¬ 
valent to a continuous discharge of— 


' 20 X 12 
240““ 


1 cubic foot pei^ second. 


In this way intermittent supplies admit of mutual 
comparison.” * 


* Jackson, “Hydraulic Manual.” 



CHAPTER V. 

MODES OF mRIGATING. 

The mode of laying d^i the water must depend on the 
configuration of the surface, and on whether the land is 
under grass or tillage. 

The systems that deserve to be specifically noticed are 
—Bed-work Irrigation ; Catch-work Irrigation ; Sub- 
Irrigation ; Side-Irrigation with open Drains; Pipe 
and Hose Irrigation; Irrigation by Surface Pipes; 
Flooding, or Swamp Irrigation ; Sewage Irrigation ; 
and Warping. The three last-mentioned systems will 
be dealt with separately, however, in future chapters. 
Water-drills, carts, sprinkling-pots, and syringes ought 
also to be mentidned. 

i 

Bed-work Irrigation .—This system is only suitable 
to^rasa lands of a level or nearly level surface. It 
consists in laying out the ground into sloping beds or 
ridges, 10 or 12 yards wide, according to the nature of 
the soil, having their upper ends lying in a gentle elope 
from one end to the other of the meadow (Fig. 1). The 
main feeder or conductor is taken out of the river or 
canal, as the case may be, at a sufficient level to com¬ 
mand the upper ends of these ridges. From this con¬ 
ductor the water is carried by small trenches or irri¬ 
gating channels {a) along the tops of the ridges. These 
irrigating channels, or distributors, are made 4 or 5 
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inches deep, and 12 inches or more wide at their junc¬ 
tion with the main conductor, tte width gradually lessen¬ 
ing as they recede 
from it. When the 
distributors are 
filled, the water 
overflows on both 
sides, and is taken 
up by the furrows ^ 
or drains (b) | 

which occupy the C 
hollows between 
the ridges. The 
water thus col¬ 
lected by the fur¬ 
row drains is re¬ 
ceived by the main drain, which cdnvej^s it back 
to the river from which it was taken, or carries it 
on to water other meadows, or other parts of the same 
meadow below. The main drain is, of course, cut 
across the lower ends of the beds, and requires to be 



Fig. 2. 


made nearly as large as the conductor. Fig. 2 shows a 
section of the bed-work. 

The dimensions and inclination of the conductor and 
distributors should be so regulated to the water-supply 
that the beds can be wholly laid under water to the depth 
of about 1 inch. The conductor must be tapered off 
towards its farther end, in order that the diminished 
supply of water may still overflow; and the distributors 
must likewise be made to taper towards their farther 


M^ffrv Redcr 



■<- Mauif DtuuLf 

1 . 
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extremity, both for the purpose of retarding the velo¬ 
city of the water and of preserving a continuous oirer- 
flow along their whole length. On the other hand, 
the small drains and the main drain should gradually 
widen towards their lower extremity. The distributors 
and small drains are usually made from 12 to 18 inches 
wide at their junction, and ft'om 6 to 9 inches at their 
ends. The inclination of the ridge itself should afford 
a fall of 1 in 500, and the inclination of the sides of 
the ridges may vary from 1 in 100 to 1 in 1000, accord¬ 
ing to the retentive pdjj^er of the soil. Bidges should 
not be more than 100 yards long. 

Few if any meadows are now laid out on the bed- 
work system, as it is only applicable to flat meadows, 
which can generally be rendered productive without 
the sacrifice of land which is involved in throwing them 
up in ridge and furrow form, and cannot be carried out 
without very considerable expense, the cost of the work 
often ranging from £10 to £20 per acre. 

Louden gives an example of a very complete piece of 
bed-work irrigation (Fig. 3), which was formed for the 
Duke of Bedford', by Smith, at Priestley, on a meadow 
of irregular surface. The water is supplied from a 
brpok_(<5f), to a main feeder, with various ramifications 
(b h) ; ^he surface is formed into ridges {c c), over which 
the water flows, and is carried off by the drains {d d) to 
the main drains (ce), and to the brook at different 
places (//). There are bridges ((f) over the main 
feeders, small arches over the main discharging drains 
(A), and three hatches (i). 

Formation of Water Meadows on the Bed-work System, 
—Sir John Sinclair gives the following particulars 
on this point ; “ The water being carried with a 
proper fall—that is, with from 1 inch of fall in 20 yards 



MODES OF IRRIGATING. 


37 


to 1 in 30 yards, according to the weight and velocity 
of^he water above the moufli of the conductor—to 



the highest part of the meadow, the next object is, to 
make the conductor large enough to receive all the 
water that the stream 
contains if there is 
land enough to use it. 

If there is a great fall 
from the wear or dam 
(sluice) to where the 
meadow is to begin, it 
(the conductor) may be made comparatively deep and 
narrow (Fig. 4); but on nearly level ground it must be 
made shal¬ 
lower and 
wider (Fig. 

5) as it is 5 

only near 

the top of the stream that the water has any draught. It 
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is of no use to make tke bottom of the conductor deeper 
than the feeder will dra^. the water out of it; neifner 
is it of any use to na^ake the bottom of the feeder any 
deeper than the last floating gutter (or irrigating 
channel) will draw it off. .... In forming the master- 
feeder it will be necessary to ascertain the breadth and 
depth that will hold all the «Yater that the conductor 
brings to it, and thence to the end of the feeder, wliere 
the last floating gutter goes out. Its breadth should be 
diminished all the way ; and whatever its breadth 
may be at the beginnii|g, it should end about 2 feet in 
breadth where the last floating gutter goes off, 

“ If the ridges or beds be 10 or 12 yards wide, and 
about 100 yards long, with G or 8 inches of fall, the 
breadth of the floating gutters should be about 18 inches 
at the head, or 2 feet, according to the length of the 
gutter, and about 6 inches at the lower end of the ridge. 
This diminution of the gutter serves to force the water 
out over the sides of the beds ; and as a part of the 
water is always going out of the gutter, it is always 
growing less, and consequently does not require so 
much foom to h^'ld it. The stuff that is taken out 
of the feeder shoufld be laid smoothly along its sides, 
with a slope outwardly, and raised about G inches 
above^nc?Je surface of the ground; and in crossing 
ridges the hollows must be filled up with super¬ 
fluous stuff from the high places or out of the drains, 
so that the top of the banks of the feeder may repre¬ 
sent a straight horizontal line, and keep the water above 
the surface of the ground, w'hich is necessary to make 
it flow down and over the sides of the floating gutters 
with proper effect. 

“ In making the floating gutters, after both sides of 
one are cut with a spade, by a line, then cut again with a 
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spade down tlie inside of your lines on botli sides, 
beginning at the bead about 6 or 6 inches from your 
line, so diminishing all the way down to the end, and 
pointing the edge of your spade so as to make it 
intersect your outside cut. When both sides are 
done, the land in the breadth of the gutter will 
be divided into three strips, the outside of which will 
be loose, and will turn out whole in triangular furrows, 
which form the sides of the gutters and keep up 
the water above the surface of the ground. After the 
sides are cut, there will remain a fast strip in the middle, 
which must be taken out and laid in equal portions 
on the outsides of the said furrows, or into^he lowest 
places. In taking out the fast strip, it is best to leave 
here and there a piece unremoved, which serves for stops 
and saves putting in afterwards. These stops will be ^ 
wanted more or fewer in number, according as there is 
much or little descent in the floating gutters. When 
there is nothing left in for stops as above, the defect 
must be supplied by putting in boards or sods to check 
and raise the water to the height you want it. With¬ 
out stops the water would all flow to* the lowesf end of 
your work, and there run out too deep*; while the higher 
parts of the meadow would remain dry. Notches are 
commonly used at first in letting out the wai'ef from 
the feeders and gutters over the beds; but when the 
sides become older and firmer, it may be made to 
flow over them. The breadth of the beds should not 
exceed 10 or 12 yards; but if less than 8 yards, it is 
best, in general, to put two into one, either with the 
spade or the plough. The length of a division of float¬ 
ing gutters should never exceed 100 yards in the ridges 
or beds ; because, if they are too long, it makes the 
water more difficult to regulate, and, if the stream be 
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fluctuating when the water falls in, the upper parts of 
the beds will be dry. All floating is the bettei^ of 
a descent, from the crown of the ridge to the furrow, of 
from 1 inch in a yard to 2 inches. This must be 
attended to if the land is to be formed into beds with 
the spade or the plough; but where it is in proper 
ridges before, they may be ^aken as they are, be^ the 
descent less or greater than as above. 

“ At the lower end of the meadow, and indeed at the 
end of every set of beds, there must be a main drain, 
and betwixt every two^ gutters there must be a small 
drain, to receive the water that flows over the beds and 
carry it into the main drain. These small drains must 
be parallel with and reverse in their dimensions to the 
floating gutters, least at the upper and largest at 
^ the lowest end ; whereas the gutters are largest at the 
upper end and smallest at the lower. These small 
drains, if in a dry soil, will do 6 inches wide at the head 
and 18 inches at their junction with the main drain. 
The stuff that is taken out of them is always wanted to 
make up hoUows, or to make up the banks of the feeders, 
to carrjPthem through low places to higher ground; but 
wherever it is put" it must be properly smoothed to let 
the water flow regularly over it. 

“ WSen a meadow is large and the surface not 
all upon one section, but has high and low places in it, 
more feeders must be made, and more cross or master 
drains. Sometimes it happens that a feeder must cross 
a drain in carrying the water from one eminence to 
another through a hollow : in this case a trunk must be 
made with boards of the size of your drain and placed 
in it, and the feeder carried over it. The trunk must 
be as much longer than the width of the feeder as will 
be sufficient to give room for proper banks to the 
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feeder, otherwise the weight of the water will force 
thefh out. If the feeder be small and the drain large, 


it will be cheaper 
to make the trunk 
or spout corres¬ 
pond with the size 
of the feeder, and 
carry the water 
over the drain 
in it. Hatches 
or sluices (one or 
more according to 
the size of the 
feeders) are al¬ 
ways necessary 
in the mouths of 
them, for exclud¬ 
ing or admitting 
the water at plea¬ 
sure, and also for 
changing it when 
the meadow is 
divided into divi¬ 
sions.” 

Various kinds 
of sluices are em¬ 
ployed to take in 
water from the 
river or canal, 
&c., to the main 
feeder. Fig. 6 


9 



Fig. 6. 


represents a good construction by Mr. R. Scott Burn. 


a a h the stone sill, b b the side quoins in which the 


grooves are cut, and in which the wood or sheet-iron 
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sluice-door (cj slides up and down. The stone flat 
(cid) supports the wooden uprights (ee), carrying the 
cross-bar (//) in which the pedestal of the toothed 
wheel (f/) is fixed, this gearing with the rack of the 
stem of sluice door.** 


Wooden “ stops** for the small channels are seldom 
used, a turf or a spadeful of earth serving the purpose. 

Fig. 7, however, illus- 


Fig. 7 . 


^ p trates a wooden stop made 

C_gL3 _ --j jh h boards {a a) 

\ : joined together, but kept 

• i separate by pieces at the 

• i end into which the sluice 

“J- e board {//) is passed, 

being lifted up by the 

--Zi -L -l hand-hole (ff), and kept 

Fig. 7 . apart at any point by the 

wedge (//). The aperture 
to allow the water to flow through is b c d e, the edge 
(cc) being on a level with the bottom of the channel.’* 
Catch-work IrrifjaHou .—This difters materially from 
the bed-work system. It can be applied to sloping and 
undulating surfaces as easily as to level lands, and to 
lands under tillage as well as under grass ; it sacrifices 
no land and costs very little, and it is quite as effective 
as the more expensive bed-work. 

The feeder or conductor, formed as before, is led 
along the highest side of the field, and a spring or small 
stream directed into it is made to overflow the side by 
the end of the ditch being dammed up; but as the water 
would soon cease to flow equally for any great length, 
and would wash the soil away in places, small parallel 
gutters or trenches are cut, at distances of 20 or 30 feet, 
to catch the water again (Fig. 8); and each of these 
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being likewise stopped at the end, lets the water over its 
sid^, and distributes it until it is caught by the next; 
and so on over all 
the intermediate ^ 
beds to the main 
drain at the bot- . 
tom of the mea¬ 
dow. Fig. 9 re¬ 
presents a section 
of this system. 

The cross gutters 
must be laid out 
perfectly level, 
and of course on 
most lands will be ® 
winding; and 
these again are 
sometimes crossed by feeders running from the con¬ 
ductor to the lowest side of the field, thus forming a 
kind of check work. 


> A Feeder 






^ B BraifU 

Fig. 8. 


A 


n 






f<^ \S VN 



Fig. 


9 . 


Fig. 10 shows the latter plan of catch-work, in which 
** the channel of supply at a a delivers the water to the 
gutters (c e), which again deliver it to the branch gutters 
(c). The water flowing from these over the surface of 
the land reaches the lowest level, where the catch- 
drains (b h) are placed; these deliver the water to the 
channel {b h) which carries it finally off.’^ 
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The cross gutters are rapidly thrown out by the 
plough, and may be renewed every year if necessary on 
grass as well as on ploughed land; while the principal 



feeders' and drains remain, and at most only require to 
be repaired and filled with water. 

As to other modes of Watering in catch-work, the 
diagonal system is perhaps the most effective. 

In all cases when the water seems to have sunk, it 
should be taken up again by opening a new trench for 
it, in order to collect or catvh it, for diffusing it over 
another surface. 

In Pennsylvania, Dr. Edwards tells us, ** hills so 
steep as not to be arable are watered, and produce 
greater quantities of grass than flat grounds, without 
ever having had a forkful of manure put upon them, 
and are now richer than they were thirty years ago. 
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after having had two crops of hay, and sometimes three, 
anftually taken from them.” * 

He describes the American plai^ of watering uplands 
as follows; *‘The first object, certainly, is to secure a 
complete command of the spring or stream to be made use 
of. For that purpose a drain must be made as near the 
source as the circumstances of the case may require, 
ancT the water must be then brought on the same level, 
by a canal or ditch all along the side of the hill. 

“ The spirit-level is made use of for the purpose of 
finding out the proper line to co]|duct the water. When 
the true level is found and the canal made, the water 
should be turned into it, which, if stopped either at the 
far end or any part of it, with a gate being shut down, 
it will flow over and irrigate the land below; or the 
canal may be made so high on the bank that the lower 
side of it shall be about 6 inches above the water 
when standing on a level with its source; and it is then 
let out by small gutters, about 10 or 15 feet from each 
other, which are spread a little below by arms each way, 
so as to meet one another in such a manner as to throw 
all the ground under water. By this mode, if there be 
plenty of water, the whole ground haay be irrigated; 
but if it be scanty, naif of these gutters may be stopped 
by small sods one day, or two days if necessary; and the 
other half afterwards, when the first are taken up ; so 
that the whole can be flooded alternately every other 
day; a practice preferred by some, oven where the water 
is abundant, 

“ At a distance of near two rods below the first canal 
another is made, to receive all the water that has 
flowed over the ground between the two, and again 
turned out as above;” repeating the process till the 
lowest level of the field is reached. 
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The whole surface of the land to be irrigated should 
be made so fair and sdiooth that where the watel- is 
turned out to produqp its great effect, there should not, 
to have it complete, be a hollow or hillock, in which a 
drop of water can stand, or over which it cannot flow/' 

Sub-Irrigation .—This consists in saturating a soil 
with water from below instead of from the surface, and 
is effected by a system of subsoil pipes, which, 'pro¬ 
ceeding from a main conduit or other supply, can be 
charged with water at pleasure. In some parts of the 
United States perforated pipes are used for the purpose, 
but the common drain-pipe answers quite as well. The 
usual plan is to surround the field with an open drain 
or main, and intersect it by covered drains communi¬ 
cating with this main. If the field is level, nothing 
more is necessary than to fill the main, and keep it full 
till the ground is sufficiently soaked. The water escapes 
through the joints of the pipes, and rises into the super¬ 
incumbent soil, by pressure and by capillary attraction, 
to as great a height as the water is standing in the 
main drain. In this manner water may be given to 
the rotts of plants in dry weather; and when the 
saturation is complete the whole of the water may be 
removed at will by opening the drain outlets and re¬ 
establishing free drainage. When the land slopes, 
the lower ends of the drains must be closely stopped, 
and the water admitted only into the main on the upper 
side; this main being kept full till the land is soaked, 
after which the mouths of the lower drains are opened 
to carry off the superfluous water. 

It is claimed that this method produces all the good 
effects of surface irrigation with a much less quantity 
of water, while the surface soil does not bake: For 
lands under tillage the plan is an excellent one, par- 
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ticularly on porous soils. Of course, by this method, 
no <!teposit from the water is lef’t on the surface of the 
land. It is chiefly adopted on fen^ and drained mo¬ 
rasses, which are apt to become parched in summer; 
but it would be very valuable for all light soils under 
green crop in seasons of drought. 

Side-Irrigation with Open Drains .—On this system 
the field is intersected by open drains, at the usual 
distances, which communicate with the open ditches or 
drainage canals. When the land is to be irrigated, 
' water is let into the ditches, anc^ thence to the small 
drains, till it rises to or near the level of the surface; 



and the ground is laid dry again by oJ>oning the sluice 
valves, and emptying the side ditches. The Demerara 
field system (Fig. 11) oflers unusual facilities for this 
method of irrigation, in the simplest form. By stop¬ 
ping up the small drains at a a near their junction with 
the side-line draining trench, and then filling the 
navigation trenches to overflowing with fresh water, the 
open drains become collectors, and the water can be 
made to rise in them to any desirable height, swamp¬ 
ing the entire ground surface if necessary. When 
the watering is complete, the pressure of water from 
the navigation trenches is withdrawn, the stoppages 
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in the drain mouths are removed, and the surplus water 
is free to escape to tAe draining trench. Whete a 
sandy or gravelly spil rests on a retentive subsoil, this 
mode of watering may take place without drains by 
filling to the brim and keeping full for several days 
surrounding trenches ; but the beds or fields between 
the trenches must not be toa great. 

Irrigating by Pipes and Hcse .—“There are inany 
cases in which the methods of surface irrigation pre- 



Fig. 12. 


viously described are unsuitable. Where the surfaces 
are irregular, where the crops are changed several 
times in a season, where the ground is under biennial 
or perennial crops, and furrows cannot be maintained, 
or where the ground is too valuable to be occupied by 
furrows or water channels ; these and other conditions 
will be favourable to one or other of the following 
plans. The first to be treated of is that of under¬ 
ground pipes and stationary hydrants, from which 
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water may be distributed under pressure tbrougb india- 
rublSbr hose and sprinklers (Fig. 12). An elevated 
reservoir is provided, from which an iron pipe, having 
a capacity equal to an inch and a half in area for each 
acre to be irrigated, is carried along the centre o£ the 
garden. A 2-inch pipe will be required for two acres, 
♦a 3-inch one for four acres,* and a 4-inch one for eight 
acres. From this pipe others are carried at right 
angles 200 feet apart to within 100 feet of the boundary 
upon each side. The pipes are laid a foot beneath the 

* surface, or so far that they can nfver be disturbed by 
the plough. Upon the lateral pipes, which should be 
at least an inch and a half in diameter, so that the flow 
shaft not be unduly interrupted by friction, upright 
pipes, or hydrants, are attached, which project at least 
three inches above the surface of the ground. These 
are about 200 feet apart. They are furnished with 

• valves, which operate by means of a square head and a 
key. Each one is fitted with a cap which screws on or 
off, and which is attached to the hydrant by a short 
chain for its preservation. When this cap is unscrewed, 
a section joint affixed to the end of hose m^y be 
screwed in its place.’^ 

“When this apparatus is in operation, the water 
descending from the elevated tank or reservoir passes 
through the pipes and the hose, and escapes with some 
degree of force, depending upon the height of the head, 
through a flattened nozzle, which scatters it in a thin 
sheet or broken shower. With this apparatus one man 
may water copiously five acres of ground in a day or 
night. Each hydrant being the centre of a plot 200 
,^.^et square, serves to irrigate, with 100 feet of hose, 
very nearly or perhaps one acre of ground. To irri¬ 
gate five acres in ten hours would give an hour and a 

D 
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half to each plot, and amply suflBcient for an active 
man to get around a plot of 200 by 200 feet.’’ * -i 
An improved nozzle for shower irrigation is manu- 



Fig. 13. 


fuctured by Messrs. J. Warner & Sons, London, and is 
represented in Fig. 13. 

Irrigation by Surface Pipes .—By this method the 
distributing pipes are laid upon the surface of the 



Fig’. 14. 

ground, and are perforated in such a manner that the 
water is discharged in a shower of spray upon the 
♦ Stewart’s “Irrigation for the Farm, Grarden, and Orchard.” 
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ground (Fig. 14). Tlie distance the pipes are laid 
apact may be 24^feet or more, bht this will depend upon 
the pressure and force .with which the water is dis¬ 
charged, The disadvantage of thfs system is its first 
cost; but once the apparatus is provided it can bo put 
in operation with little expense, all that is required 
being the turning on and qff of the water at intervals. 

W^ater-DrillSj Water-CarU, Garden-Engines^ and Sy¬ 
ringes .—The water-drill is now in great request for 
sowing turnip and mangel seeds in dry weather. As 
. these crops are put in at one of ^he driest periods of 
the year, its use insures a rapid and healthy braird of 
the young plants. The drill is a common turnip and 
manure drill, with the manure-barrel fitted for carrying 
water and for distributing it in the rows immediately 
underneath the seed. The quantity of water can be 
regulated, and either pure water or manure water may 
be used. In the latter case sui3er2:)hosphate, or guano, 
is dissolved in water, and the mixture used at the 
ordinary rate for dry manure per aero. The water- 
cart is sometimes used in dry weather for watering 
drilled crops after they are started in^o growth. * Two 
forms of improved water-carts are slK)wn in Figs. 15 
and 10. The former 
is manufactured bv 

ft 

Messrs. Colman & Mor¬ 
ton, Chelmsford; the 
latter by Messrs. James 
& Son, Cheltenham. 

Each of these carts is 
fitted with a short hose 
for dropping into the 
tank or well, &c., and a pump for filling it with ease and 
ruijidity. Gaiden-engines and Syringes, though very 

1 ) 2 
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serviceable in tbeir place, are of course only useful 
where a few plants or beds of ground are to be dealt 
with. Fig. 17 shows a special syringe, manufactured 



Fig. IG. 

by J. Warner & Sous, for washing hop vines. By 
moans of this instrument all parts of the vine are easily 



Kig. 17. 


reached, and it effects great saving in the washing 
mixture. 



CHAPTER VI. 

MANAGEMENT OF IRRIGATED GRASS LANDS. 

Application of Water .—On Euglilli water-meadows, as 
a rule, the irrigating season begins at the end of 
October, and is continued till about the first week in 
April. The usual plan is to keep the land flooded to a 
depth of about 2 inches during the months of Novem¬ 
ber, December, and January, for a fortnight or three 
weeks at a time, and then lot the water drain off from 
it for a week or so before flooding again. In February 
and March the waterings are gradually shortened to 
eight days at a time. At the beginning of April the 
land is left dry, and in May the grass crop is cut. 

In November the water is used vei^ plentifully for 
the first three weeks, after which it is taken off for a 
week, or changed to another part of the meadow. When 
the grass turns dark the water should be taken off*. A 
standard work on farming directs that it should be 
taken off on occurrence of frost. The true rule, how¬ 
ever, is not to take it off* nor to lay it on in a frost;— 
not to take it off*, because the water, freezing on the 
ground, forms a coat of ice which protects the grass; 
not to lay it on, because the- ground, being already 
frozen, can be no longer protected. 

In December and January the chief care consists in 
keeping the land sheltered by water from the severity 
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of frosty nights. In \iery frosty weather it is better 
to take off the water from the meadows altogether if it 
is severe, and likely to continue long; but this must 
be done at the beginning of the frost; if this has not 
been done the water should be allowed to remain on 
during the continuance of the frost. The danger from 
frost is, that if ice forms under and around the roots of 
the grasses the plants may be thrown out by the ex¬ 
pansion of the water. This can only be prevented by 
keeping the grass protected by water, or else making 
the land so thoroughiy dry that no injury will result 
from frosty weather. In spring the young and tender 
shoots of grass are easily nipped and destroyed by 
frost, if these precautions are neglected. 

In February the management is much the same as 
in January, only, if the weather is mild, the water will 
require to be taken off or changed more frequently. 
If the water remains on for many days about the 
end of this month, in bright weather, a white scum 
arises, very destructive to the grass ; and if the land 
is exposed, without water, to severe frosty nights, 
the greater part of the grass will be killed. The 
only way to avoid this is to take the water off early 
in the morning, and turn it over at night; or, if the 
day be very dry, keep the water off altogether during 
the frost, for it is only when the grass is wet that the 
frost has a pernicious effect. 

In March, as vegetation sets in, care must be taken 
to shelter the young grass as much as possible. 
When the water is changed or removed, a mild day 
must be chosen for it; and it is best to do it in the 
morning, that the ground may dry before night, and 
be able to withstand a frost the better. In this month 
scum on the water must be guarded against; but, 
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instead of changing the water at stated times, it 
should be done according to the weather, always taking 
advantage of a fine day, which may vary the time from 
a week to once in a few days, less or more. 

If the meadows are to be spring-fed, the watering 
ceases about the middle of March, or the first week in 
Apiiil at latest. Early in May, when the spring-feed 
is eaten off, the water is used for a few days before 
laying up the meadows for mowing; and again when 
the hay crop is carried off. 

The watering of grass landS, other than water- 
meadows, is very simple, as it is seldom practicable to 
lay them under water, and they can only be irrigated 
by flowing the water over them. This is done at 
intervals, which will be determined by the weather 
more than anything else. As the grass is never com- i 
pletely covered, the irrigation cannot be carried on in 
frosty weather ; so that on high lands, and, indeed, on 
most catch-work meadows, where the ground slopes or 
is undulating, it is impracticable to irrigate during 
winter, and watering has to be delayed until the 
spring frosts are over. This put| off the Ipring 
watering until April or May; after which, how¬ 
ever, there is still time to grow a crop of hay. Any 
attempt to irrigate upland meadows in winter, and 
to pasture them in early spring, would but injure the 
meadow by means of frost, and at the same time rot 
the sheep. 

Spring-Feeding .—The great value of water-meadows 
consists in the early spring feed which they afford, 
between “ hay and grass,” by which the farmer is 
enabled to breed early lambs. As soon as the lambs 
are able to travel with the ewes, about the middle of 
March or the beginning of April, the flock is put into 
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the water-meadows. Care is taken to make them as 
dry as possible for some^^^days before the sheep begird'to 
feed them, and, on account of the quickness of the 
grass, it is not usual 'to allow the ewes and lambs to go 
into them with empty stomachs, nor before the morn¬ 
ing dew is gone. The general hours of feeding are 
from ten or eleven in the njorning till four or five in 
the afternoon, when the sheep are taken off and Mded 
on swedes or mangel for the night, or else put into a 
dry meadow or pasture where a few swedes or mangel 
and some box-feeding can be supplied to them. The 
grass on the water-meadows is daily hurdled out in 
portions, according to the number of sheep, to prevent 
their trampling it down ; but a few spaces are left in 
the hurdles for the lambs to get through and feed 
forward in the rich grass. One acre of good grass will 
be sufficient to last five hundred couples a day. The 
great object is to make the water-grass last till the 
winter rye, barley, and forward vetches, &c., come in 
for feed ; the meadow is then laid up for hay. 

Late spring pasturing on meadows is objectionable, 
as it ^always lessens the hay crop, and the harm 
done is usually in proportion to the dryness of tho 
meadow. Water-meadows may be fed during April, 
and then be laid up for hay j but dry meadows should 
not be spring-fed at all. 

Laying-up Meadows .—In regard to the time of laying- 
up the meadows, quaint old Tusser says :— 

“Spare meadow at Gregory, marshes at Paske, 

For foarc of drie summer, no longer time asko; 

Then hedge them and ditch them, hestowo thoroon pence, 

Cora, meadow, and pasture aske always good sense.” 

St. Gregory is the 12th of March; Paske is Easter; 
and Tusser’s meaning evidently is that marsh meadows 
may be grazed a month longer in spring than dry 
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meja^ows, and still yield a goodb crop of hay, however 
dry the summer. 

After spring-feeding, before anj^ water is given, the 
meadows should be put into the best condition for 
laying up. The ditches and furrows should be ex¬ 
amined and repaired, the drains cleared, and all rub¬ 
bish ^taken off the surface. Any inequalities of the 
surface should also be remedied with the spade, first 
taking off the turf, and then replacing it and beating 
it firmly down. The meadows ^are next bush and 
chain harrowed ; any rubbish brought up is picked off, 
and then the ground is rolled with a heavy roller. If 
any grass seeds are to be sown, it may be done pre¬ 
vious to harrowing. Farmyard manure, if given at 
all, should be applied when the hay crop comes off, 
and only in a well-rotted state. Artificial fertilizers will 
rarely be necessary; but if given at all it may be in 
* the form of a top-dressing, after laying-up for mowing. 

Cutting .—From the great succulency of the plants 
produced in water-meadows, the converting of them into 
hay requires particular attention. It is desirable that 
the grass should he ready to cut early in the season, 
not later than the end of June or the beginning of 
July, when the weather is likely to be favourable for 
hay-making; and to this end the meadows should be 
laid up early. It is not advisable, however, to cut the 
grass of water-meadows too soon, or before it ap¬ 
proaches ripeness, as there is then more loss of weight 
and substance in the making. The best time to mow 
is when the bulk of the grasses are in flower, unless in 
cases where the grass has fallen down, and would spoil 
if it remained uncut. Attention, however, must be 
paid to the state of those plants which constitute the 
bulk of the crop, and if the rough-stalked meadow- 

d3 
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grass, the scented vernal grass, the soft meadow-gp 7 3d, 
are the most abundant, the grass may he cut earlier. 
In taking off the glass, carts and waggons should be 
used .very carefully upon the meadows, lest ruts may 
be cut to the injury of the surface. Roadways across 
the meadows, from point to point, should be previously 
laid out, using wooden culverts where the roads oross 
the irrigating ditches or drains. 

Repairs .—^In addition to what is done at the time of 
laying-up for mowi^^ g, a water-meadow will require 
some annual repairs in autumn. Thus, in the month 
of October, when the after-math is fed off, the banks of 
the feeders must' be repaired where they have been 
trodden down by the sheep or cattle, and the sand or 
mud that lodges in any of them thrown out. The sides 
of the feeders and gutters may be trimmed with a large 
sharp reaping-hook, and the bottoms may get a light 
shovelling out. The clearings may be trodden down 
smoothly at the back of the gutters, or put into hollow 
places, &c. ; but it must always be observed not to 
clean^the floating gutters so hard at the lower end as 
at the upper, that the diminishing proportion of their 
size may not be destroyed. 

Water-Meadow Grasses .—Those plants. Dr. Singer 
observes, ought to be perennial, as it can never be 
intended that the meadow should soon be broken up. 
In America, timothy, or meadow cat's-tail {Fhleum 
pratense)f is greatly in favour for water-meadows; and 
it is remarked that white clover bears drowning better 
than any other plant of that nature, although it does 
not yield the bulk which is desirable in a hay crop. By 
careful management, re-seeding, and manuring, timothy 
and clover may be retained in a water-meadow; but 
many of the following plants are but slightly inferior 
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ic 4 tliem, and, as they grow more abundantly and con¬ 
stantly, are better adapted to this culture:—(1) per¬ 
ennial red clover, or cow-grass, wlfich naturally prospers 
where the soil contains a due proportion of marl or linve; 

(2) soft meadow-grass {Holcus lanatm)y which thrives 
well in any soft' soil, especially if it be also watered; 

(3) « rough-stalked meadow-grass {Poa trmalis)^ which 
delights in a soil between loam and bog, possessed like¬ 
wise of a degree of moisture; (4) crested dog’s-tail 
{Cynosurns cnstaius)^ which thiives well in watered 
loams; (5) sweet-scented vernal grass {Anthoxanthum 
odoratum), which hardly fails in any water-meadow 
where it has been once established, and whilst it adds 
to the bulk and weight of hay, it likewise communi¬ 
cates, if made in dry weather, the sweetest odour to 
the whole crop ; (6) bent grasses, in particular white- < 
bent {Agrostis alia), and creeping-bent {Agrostis stoloni- 
fera)y or the famous forin, which some recommend in 
preference to every other, for water-meadows, long and 
fully irrigated. 

The nature of the herbage upon an irrigated meadow, 
remarks Mr. Stewart, depends greatly upon the skill 
with which the irrigation is managed. If water is 
used in excess, the more valuable grasses disappear and 
inferior ones take their place—such as couch grass, the 
spear grasses, and other coarse species. 

Italian rye-grass {Lolium Italicum) is extensively 
grown under irrigation in England and elsewhere, and 
yields repeated heavy cuttings of forage for soiling. 
It is the chief grass grown upon the Italian water- 
meadows, upon which it yields an aggregate cutting 
of forty tons and upwards of greeh fodder per acre 
yearly. 



CHAPTEfl VII. 

MANAGEMENT OF lEKIGATED ARABLE LANDS. 

The irrigating furrows upon cultivated land can 
seldom be permanent,* except in vineyards and the 
like, where there is not a constant change of crop 
going on. In such grounds a system of irrigation 
may he laid out as complete as in the case of a water- 
meadow, as the work will be permanent in character, 
and the first outlay will be the last, if the work is 
properly done. Generally, however, the irrigating 
channels on arable land will be destroyed at every 
ploughing, and must be re-made for every crop. 

The watering of arable land and crops, though un¬ 
common with us, is universal in warm countries, and 
even ip. Southern .France, Spain, and Italy. In many 
cases the crop is' grown in drills, and the water is 
simply introduced in the furrow between each row. 
In this mode of irrigation, no collecting drains are 
required, as the whole of the water laid on is absorbed 
by the soil. The principal expense of the operation is 
that of preparing the lands by throwing the surface 
into a proper level or levels. The main conductor 
carries the water to the higher part of the field, and 
the rest is easy. A side conductor should be formed 
along the entire length of the field; so that the field 
can be watered in sections if wished, by closing the 
supply-channel at any desired point. 
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With crops under flat cultjire, such as wheat or 
barlfey, there are other plans available. If the ground 
slopes, the ordinary catch-work system may be adopted, 
drawing with the plough light furrows from the main 
conductor at the top of the field, parallel and hori¬ 
zontal to it, or in diagonal or diamond form, or other¬ 
wise, according to the contour of the surface. On 
leveT ground the land may be ploughed into beds, and 
the water introduced in furrows during the growth of 
the crop: this may be done either by a system of side- 
'irrigation, the soil absorbing tne water from tho 
ditches, or by regular flooding. 

“ In the flat plains of the Rioja,” Mr, Roberts* tells 
us, “ a small mound or embankment of clay is formed 
around each field ; and when irrigation is required, 
tho water is admitted from some of the minor channels, 
of which there is a network on every farm, through 
an opening in the bank, usually placed at the corner of 
the field. It is then allowed to flow until the enclosure 
is completely covered to a depth of about three inches, 
when the inlet is closed with a sod, and in a few 
minutes the water is all absorbed by the parched Boil. 

“ In sloping ground the Spanish farmers often level 
the field into a seiies of horizontal plots or terraces, 
that each inclosure may be irrigated in the manner 
above described. When this is not done, water is 
admitted at the high side of the field, and allowed to 
flow over it; and numerous little cuts, like plough 
tracks; with their corresponding mounds, are made 
across the enclosure, or at right angles to the direction 
in which the water flows, so as to check its velocity, 
and thus facilitate its absorption by the soil.” 

This system is illustrated in Figs. 18 and 19. The 


* “ Irrigation in Spain.” 
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“ divisions do not slope On both sides, but incline in/^‘e 
direction, as shown in Fig. 18, at a J, a 5, a 5 ; but are 
horizontal, in the direction of the arrows in plan, 





Fig. 19. 


Fig. 19. The channel of supply is at A At and sluices 
are provided at C C Cj by which the water can be let 
into or kept out of the channels of distribution {a a), 
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placed at the upper side of the*mclined divisions {d d). 
The channels of distribution {a a) are divided from 
each other by small embankment* or ridges, as shown 
in section in Fig. 18. The water, after passing over the 
surfaces (dd) is taken up by the channels 

Mr. Roberts Comments on the skilful manner in 
whjp.h the Spanish farmers, when irrigating their lands, 
conduct the water from one field to another, or from 
one part to another of the same field on a ditferent 
level. When all the lower paijs are irrigated, they 
construct temporary dams with the hoe, and by this 
means raise the level of the water so as to be able to 
reach the higher parts of the field. A sod or a stone 
serves the purpose of a hatch, or “stop-off.” 

Time of Watering ,—The evening hours are considered 
the most favourable time, but this rule is nowhere 
universally observed. 

Application of Water ,—Watering should not be 
deferred until the ground is too dry, as it does not 
bake so readily afterwards. In dry weather, a mode¬ 
rate watering should be given before^ sowing or plant¬ 
ing, and for a time afterwards the grpund should only 
be kept moist enough to favour germination, and pre¬ 
vent the surface hardening. For the young growing 
plants, moderate, frequent waterings are best. No 
rule can be laid down, however, that will be generally 
applicable. The various field crops which may be 
brought under irrigation all call for special treatment, 
and this will vary with the district in which they are 
grown. The reader may here usefully refer to what 
has been already said on this point under the heads of 
crops suited to irrigation, and the number of waterings 
bestowed on different crops, in Chaps. III. and IV. 
In the case of nearly every crop, the ground must be 
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allowed to get occasionally dry ; for even tliose crogfr^ 
which require watering most are easily injured if the 
water is in excess, ords allowed to remain on too long. 

Cultivation .—The soil should never he stirred when 
wet. Tillage and cultural operations “ should be timed 
with reference to the watering, or the watering should 
be so timed with reference t6 them, that these opera¬ 
tions may be performed when the soil is dry and just 
before watering.’^ 



CHAPTER IX. 

SEWAGE IRHIOATION AND LIQUID MANURING. 

i . 

Though there are various ways of utilizing sewage, 
irrigation is the method which has been most exten¬ 
sively practised, and is the only one which demands 
notice in this work. 

“ By sewage irrigation the greatest luxuriance of 
growth known to English agriculture is obtained. It 
is adapted to all irrigable crops ; but the best results 
are obtained with rapid-growing succulent plants, such 
as Lucerne or Italian rye-grass. The sewage is poured 
on at the rate of 400 tons per acre, equal to a thickness 
of 4 inches of water, during a few hours, twice in the 
growth of a single crop or cutting. Drainage, deep 
cultivation, and subsoiling should accompany the pro¬ 
cess; these tillage operations being only performed, 
of course, when the land has been laid-up dry. The 
drained and deeply-cultivated soil then passes the 
whole of the rich and fertilizing sewage amongst the 
fibrous roots of the plants, by which its substance is 
permeated. By this practice, a cutting of 10 to 20 tons 
of succulent forage is obtained as the result of not 
more than a month or five wceks^ growth. The land 
is soaked twice or thrice, at intervals of a fortnight 
after each cutting; and four or five cuttings are thus 
obtained from the application of 3,000 to 12,000 tons 
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of sewage in the course of the# year. Here, as well as 
in ordinary irrigation accompanied by land drainage, 
the result is due to an added temperature, and an 
addition of plant food, both of which the soil ex¬ 
periences ; and especially to the constant motion and 
passage of this food beside and amongst the hungry 
roots of the plants which ffeed upon it.^’ * 

early all the sewage farms in this country are laid 
out on the catch-water'^ system, which consists in 
floating on large quantities of J|[quid sewage over a 
‘number of successive breadths of land. The objections 
urged against this system are—(1.) That the bulk of 
the water escapes by flowing off the surface, and not 
through the soil to the drains; and that, therefore, 
there is no real security that the sewage is purified at 
all; the fact that it flows off the surface, showing that 
there is more liquid applied than the land can absorb. 

, (2.) That as the essence of the catch-water system is 
the pouring of sewage, and of the same particular 
volume of sewage, over successive areas of land, all 
the areas of land cannot be equally fertilized, since the 
sewaere cannot be made to flow evehly over all* the 
land.t 

These objections apply with even more force to the 
Pane-system,” which is analogous to the Spanish 
system of irrigation by water, where rectangular and 
generally square plots of land are laid out perfectly 
fiat, surrounded by a low bank, and generally on suc¬ 
cessive levels The upper plots, in such cases, must 
evidently retain the whole of the suspended matter 
which is contained in the liquid sewage, leaving little 
else than clear water to flow off to the lower levels. 

* “The Soil of the Farm.” By John Scott and J, C. Morton. 

t W. Hope “On Sewage Irrigation.” 
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The Romford Sewage Farm, in the occupation of 
Mr. Hope, has been laid out in beds on the ridge-and- 
furrow system, each bed being 30 feet wide. The 
ridges are raised up in the centre, with a carriage or 
gutter along the ridge, over the sides of which the 
sewage flows, as in some water-meadows. Mr. Hope 
considers that this system o'l sewage distribution is the 
best of all, even for arable lands, and presents no 
difficulty to horse or steam cultivation ; as nothing, in 
his opinion, is more simple than to form a low ridge, 
by means either of the horse or of the steam-plough. 

On hill- side lands, which do not admit of irrigation 
by the ridge-and-furrow system, Mr. Hope adopts 
another plan. The hill-side land is ploughed hori¬ 
zontally with a “ turn-wrestplough, and then with a 
double-mould-board plough going in the same direc¬ 
tion, across the hill, it is thrown into little ridges, as 
if for potatoes. The sewage is applied to this hill-side 
from a carrier running along the top, the across-hill 
furrows effectually preventing the liquid scouring away 
the earth from the plants. On this system Italian 
rye-grass, &c., cannot be grown, nor can cereals; but 
as the slope of the hill-side is far too rapid to permit 
of the application of any liquid by irrigation, if the 
surface were left smooth, this is no drawback. 

At Edinburgh, where sewage irrigation has been 
practised with marked success for more than 100 
years, about 250 acres of the Craigentinny and Loch- 
end meadows are flooded with crude sewage, at the rate 
of 2,500,000 gallons every 24 hours. Of this land, 
200 acres are in permanent pasture, and 50 acres in 
Italian rye-grass. The irrigation is carried on in the 
rudest and cheapest way by the owners of the land 
adjoining the streams of sewage ; no cost having been 
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incurred in providing permanent carriers of any kind. 
The permanent grass is cut about four times in the 
season, and yields an aggregate crop of about 40 tons 
per acre. The Italian rye-grass is cut five times, and 
yields as much as 60 tons to the acre. The whole 
produce is sold, by public auction, at the beginning of 
April in each year, in small allotments, and realises 
from £20 to £40 per acre. It is eagerly bought up 
for cow-feeding, by dairymen in and around Edin¬ 
burgh ; who, in addition to ^le price paid for the 
plots, cut and remove the grass at their own expense. 
The annual cost of applying the sewage, and receipts 
for the produce, are given by Mr. Birch* as follows:— 


Receipts. 

£ 

250 acres of grass, at an 
average of £30 per acre 7,500 


Expejjdituke. 

£ 

Wages of watermen—three 
in summer and one in 
winter—and cost of 
cleaning out carriers . 180 

Estimated rent of land, 

250 acres at £2 per acre 
per annum . . .600 

Balance. . . 6,822 


£7,500 


This statement, however, is incomplete. The rent 
ought to be at least £5 per acre; and nothing is charged 
for the sewage. 

“About 8 acres of the Craigentinny Farm, which is 
land of excellent natural quality, but too high to be 
irrigated by gravity, has had sewage pumped on to it 
by steam power. This land has received about 3,000 tons 
of sewage per acre in six or eight waterings during the 
year, and the rye-grass grown upon it has realised from 
£26 to £36 an acre—prices equal to those obtained at 


* “ On Sewage Irrigation by Fanners.’ 
E 2 
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Lochend, where four tirkes the quantity of sewage has 
been applied/^ 

It is estimated that the yield of land under sewage 
irrigation, with forage and root crops at least, is five¬ 
fold greater than the yield of the common agriculture 
of England. The quality of sewage-grown crops is 
also higher. Thus the proportion of cream yielded 
from sewage-fed grass at Croydon is stated to be about 
15 per cent., whilst that obtained from ordinary pastures 
is only about 10 per (b'jnt. The increase of saccharine 
matter in sewage-grown root crops is so great as to give 
the crops so grown an entirely new value, in addition to 
the greater weight produced. On one sewage farm, 
Mr. E. Chadwick, C.B., tells us the rhubarb grown is 
so superior that it is used for making a champagne, and 
a wine of the character of a “ still hock.” 

At the Annual Conference on National Water Supply, 
Sewage and Health, held in 1879, Mr. Colebrook, as 
chairman of the Heading sewage farm committee, stated 
the result of their experience the preceding year, par¬ 
ticularly in the growth of mangold under irrigation. 
The highest weight per acre was 110 tons and the 
lowest 77 ions; which, he believed, was the heaviest 
weight ever known to have been grown. There was 
this peculiarity in the growth of the mangold ; it was 
intended in the spring of the year to irrigate the land 
while the crop was growing, but the spring was wet 
and they were not able to hoe the land when they 
wanted, and when they were able to do so the weeds 
filled the trenches and they could not get the sewage on 
to the land while the crop was growing. He pointed out 
that for this reason he believed it was quite possible to 
overdose the land with sewage, and the result they ob¬ 
tained was chiefly owing to not having done so. The 
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crop of rye-grass was equalljl good. They out six ex¬ 
cellent crops during the year of not less than 20 tons 
per acre each crop, whilst the year before they had 
seven crops. They had rigidly excluded storm-water, 
and he attributed a great deal of their success to that. 

At Bedford, where the sewage of 20,000 of the 
population is applied to *180 acres, chiefly of market- 
g'irden culture, the weights per acre of the principal 
crops have been as follows ;— 

A Tons per acre. 

Italian rye-grass, per crop (soinetinr s cut four or 

five times a year). 25 to 30 

Carrots.24 „ 30 

Onions.12 „ 16 

Potatoes.12 „ 15 

As much as £53 per acre has been realised with 
a crop of celery, and from <£30 to £40 per acre with 
crops of onions, rhubarb, and asparagus. 

In regard to the price which a farmer can afford to 
pay for liquid sewage, when poured over his land, 
it has been said that for its use to be profitable the 
price must not exceed |d. per ton. At 400 tons per 
dressing this is equal to lbs. 8d. per acre, and as 
the land requires in most cases to’be dressed tfix or 
eight times, that price is clearly prohibitive. 

At Cheltenham, where the corporation land under 
sewage is not sufficient to utilise the whole of the 
sewage at their disposal, it is applied to neighbouring 
private lands at a charge of 7s. per acre for each dress¬ 
ing. The corporation lets its sewage-fed laud at over 
£6 an acre, and probably not more than one-third of 
this rent can be charged to the sewage, as the lands are 
only dressed on an average about five times a year. 

Sewage is best applied to land imder tillage, or 
to grass land that will be mown. If it is not posi¬ 
tively dangerous to graze land while under sewage 
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irrigation, it is at any \;ate objectionable, and should 
never be practised, unless, inde^, the land has been 
laid dry for a considerable time. That any ill effects 
are produced by feeding dairy cows or other stock on 
sewage-grown crops there is not the least reason to 
suppose. The soil itself cannot be injured by sewage 
nor even the crops, unless the dressing of sewage is 
immoderately large. 

**Sewage-sickness,’^ remarks Mr. Birch, “is a term 
that has become commcj^^i because it sounds appropriate; 
but, as a matter of fact, time has no effect in making 
land sewage sick, for its pores may be filled, as at 
Edinburgh, year after year, with infinitely more 
dissolved manure than can be made use of by vege¬ 
tation, and the land will continue to be as productive 
^ and as capable of receiving sewage as ever. A crop 
may, however, be ruined if it is covered with sewage, 
even although it may not have had enough for its 
manurial requirements; or land may be done more 
harm to than good, temporarily, by one single ill-timed 
dressing. Experience has proved that over-feeding 
with sewage has no ill effect, although land may be 
choked with it in One meal.” 

Liquid Manuring .—By this term is understood the 
practice, now seldom adopted except on a very small 
scale, of applying the drainings from the stables or from 
the dunghill, direct to the land in the liquid form. 
The use of liquid manure is no doubt very effective, 
but it is the extract of the dung-heap, which is after¬ 
wards of greatly diminished value. In the majority 
of cases, therefore, it will be found best to apply the 
liquid part in conjunction with the dry portion of the 
farmyard manure. 

In order, however, that the liquid manure which 
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flows from the cattle-yards aifd from the dung-heap 
may not he lost, it should be collected in tanks. This 
will be useful whether the practice of liquid manuring 
is adopted or not, as in the latter case the dry manure 
may be made to absorb it. 

If the dung-heap is made on an impervious bottom, 
or a small tank or vat is» sunk in the ground at the 
' Itfw^er end of the pit, the drainage from the manure 
will flow into it, and, by attaching a small hand-pump 
to the vat the liquid that there collects can be pumped 
■ back again upon the heap, whenever it is deemed 
desirable to moisten it. 

Where liquid manuring is to be practised, the liquid 
in the tank may be distributed over the lands in various 
ways and by various means. 

On a moderately large scale it will probably answer 
to lay down pipes above or under ground. Through 
these the water can be made to flow, by gravitation 
where practicable, or otherwise by pumping. The 
hosc-and-jet system, w^hich has failed in sewage irriga¬ 
tion from the large quantities of liquid which had then 
to be dealt with, will answer better here; as, altljough 
it will be found more expensive than’a system of per¬ 
forated surface pipes, which are self-working, the hose- 
and-jet system enables the manure to be directed where 
it is most wanted. On a smaller scale liquid-manure 
carts may be used. These will be found not very 
expensive to begin with, and will do a considerable 
amount of w^ork. If the land is near by the tank, a man 
and a boy, with one horse and two carts, will water 
ten acres a day, at a cost of about a shilling an acre. 

Fig. 20 is an illustration of one of Bamford’s chain- 
pumps employed in filling a cart from the liquid-manure 
tank. For liquid manure and sewage the chain-pump 
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is the best that can be wed. It requires a little more 
power to raise a given quantity of water than a good 
lift-pump; but it has other advantages. Having no 



valves it is not easily choked; it seldom gets out of 
order; and as it is empty when out of use, it is not 
liable to be injuiod by frost. 



Fig, 21. 


Fig. 21 represents a distributor, manufactured by 
Messrs. S. Owen& Sons, London, for attaching to liquid- 
manure carts, with braces necessary to fix it. It can be 
removed at pleasure when the cart is required simply 
for water only. 
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For gardens, and other small plots of ground, a 
hand-barrow or garden-engine, with a small force- 
pump and a distributing hose 
and jet attached, similar to 
that shown in .Fig. 22, will 
serve every purpose. 

^ ^Liquid manure may b*e ap¬ 
plied with great effect to all 
crops. The quantity to be used 
^ will depend on whether it is pure ^ 
drainings from the stalls and the 
dung-hill, or has been diluted with rain-water. It is 
seldom desirable, even where possible, to use it the full 
strength. Diluted with, say, two-thirds water, it may 
be applied at the rate of 1,000 to 2,000 gallons per 
acre each dressing, and the dressings may be repeated 
as frequently as in sewage irrigation. 

“ Great advantage has attended the use of the water- 
drill for sowing turnip and mangold seed in dry 
seasons. By applying the artificial manures in a 
liquid state, the germination of the seed and the sub¬ 
sequent brairding can generally be relied on. *In a 
dry climate the water-drill is desirable in any year, if 
root crops which have to be put in at the driest and 
hottest seasons are to be successfully cultivated. The 
same quantity of manure is used as in the dry state, 
and the quantity of water is regulated by the condition 
of the land and the dryness of the atmosphere. Super¬ 
phosphate and guano are the most suitable manures for 
the water-drill.”* Soot is also well adapted for apply¬ 
ing in the liquid form, either by means of the water- 
drill or by flowing on through pipes or otherwise. 

* “ Soil of the Farm.” 




CHAPTER X. 

WARPING OR SILTING. 

This species of irrigation consists in repeatedly flooding 
low-lying tidal or river lands, and allowing a succession 
of sediment to be deposited. Sometimes the object is 
only to fertilize the land, but more generally it is 
practised with the double purpose of raising the surface 
of low and swampy ground. 

In either case, warping depends for its effect upon 
the presence of much suspended alluvial matter in the 
water used. Being stirred, and kept in motion by the 
tide, that alluvial matter is, by the process of warping, 
conveyed over the adjoining lands and there deposited 
during a period of rest. As soon as this has been done, 
the clear water is drawn off slowly, so that the new 
deposit is not disturbed. Another flood is then ad¬ 
mitted, and so on until the warp is completed. In this 
way the thinnest and poorest soils, if favourably situ¬ 
ated, may be covered with the richest alluvial to almost 
any depth. 

One tide will leave, on an average, one-eighth of an 
inch of warp; and in this way 3 J feet of added soil has 
been obtained in three or four years. Hr. Anderson tells 
us that in one experiment, where the water used con¬ 
tained 233 grains of mud per gallon, 210 were deposited 
during the warping. 
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Warping is effected by a cut or canal from the sea 
or river, with sluices for the admission and discharge 
of the water, which is confined to the grounds intended 
to be warped by surrounding banks raised to tho 
required height. . The higher the banks and the deeper 
the sheet of water that can be impounded the better, 
as a greater burden of sediment will be deposited; but 
the height of the bank is, of course, limited by the 
difference in level between the land surface and the 
water in the canal. 

In these banks there are fewer or more openings to 
let in and out the water, according to the size of the 
field to be warped. In general they have only two 
sluices, one called the flood-gate, to admit, the other 
called the waste-gate, to let off the water gently. 
These are enough for 10 or 15 acres. The flood-gates 
are placed so high as only to let in spring-tides, and the 
waste-gates are so constructed as to let the water run 
off between the ebb of one tide and the flow of the next. 
To avoid the danger of the newly-deposited matter 
being stirred up and carried off again^by the retreating 
water, the waste-gates may be made 40 open at th'fe top 
instead of at the bottom. 

Seasons for Warping .—The dry months of summer 
are considered the best for this work. Land may be 
warped, however, in any season, provided the water is 
always muddy; in other cases it should be practised 
more particularly when the weather is dry and the 
fresh water in the river very low. When the season is 
wet, and the river full of fresh water, warping cannot 
be advantageously executed. The fresh water then 
mixes with the tide, makes it not half so muddy and 
thick, and consequently incapable of depositing the 
same quantity of sediment. 
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Effects of Warping .—It is easy to understand tlie 
importance of tlie effects produced by adding to any 
soil large quantities of fertilizing mud. Herepatb has 
calculated that, in one particular instance, the quantity 
of phosphoric acid brought by warping upon an acre of 
land exceeded seven tons. As, moreover, the matters 
are all in a high state of division, they must exist in a 
condition peculiarly favourable to the plant. The over¬ 
flow of the Nile is only an instance of warping on the 
large scale, with this difierence, that it is repeated once 
only in every year, whereas in this country the opera¬ 
tion is repeated at every tide until a deposit of the 
desired thickness is obtained, after which it is stopped, 
and the soil brought under ordinary cultivation.”* 

The fertility of warped lands is so great that they 
have been known to yield full crops for fifteen or even 
twenty years in succession without manure. When laid 
down in grass seed the land is not warped, for the mud 
would destroy such a crop. 

There can be no doubt, however, that the warp of 
some rivers is much more valuable than that of others. 
The ’Value must depend on a variety of circumstances, 
such as the quantity of valuable ingredients contained 
in the mud, and the proportion of the several ingre¬ 
dients. The presence of any one useful or essential 
ingredient must add value to the warp, and the greater 
the proportion of all of them the more valuable will be 
the deposit. 

Mr. Monorieff f gives an example of this work having 
been carried on with great success near Avignon, by 
means of the water of the Crillon canal. M. Thomas, 
a merchant of that city, having a property composed of 

* Anderson’s “Agricultural Chemistry.” 
t “ Irrigation in Southern IJurope.” 
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gravel and stones, and fit only for grass crops, laid some 
of it out in terraces, and obtained the use of 14 cubic 
feet per second of water from the Crillon canal, which 
he turned over it for the four winter months of every 
year. After three years he found he had covered an 
area of 22*2 acres with a coating of the finest alluvial 
matter, from 20 to 27 inc*hes thick. The cost of the 
operation, including a water-rent of 16s., was just £7 
per acre. The land, which before had been worth 
^ £19 8s. 6d. per acre, was valued after this improvement 
at £113 7s., and yielded seven or eight crops of wheat 
without requiring any further manure. 

Soils and Situations for Warping .—No land but such 
as is on a level or below that of spring-tide, or similarly 
placed for river or canal flooding, can be improved by 
this process. Of lands so situated there are, however, 
extensive areas along the shores of the British Empire. 
In almost every Firth in the three kingdoms, and all 
along our shores, may be seen extensive tracts of barren 
sands and mosses which are overflown by spring-tides; 
and however barren they are, they may be reclaimed 
and rendered fertile by warping. ^Cherrycob ^ands 
were reclaimed by this means, and are said to be 4 yards 
thick of warp. 

Some of the marine mosses are so loose and pulpy 
in the subsoil that if drained they would be reduced to 
a level sufficiently low for warping, especially if the 
coarse and useless herbage on the surface were in the 
first instance pared aiid burned. If afterwards warped 
in the manner above described, they would become the 
most fertile soils in the empire. Besides, it is often 
more easy to rebank this than any other soil; for if a 
river or broad ridge, 30 or 40 feet wide along the bank 
of the river, were left undug and planted with willows, 
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it would serve as an impervious bank to shut out or let 
in the water at pleasure. While the rest of the surface 
was dug, and drained, and cropped, and thereby reduced 
to a low level, this bank, left undug, would not sink in 
the s£ime proportion, but might serve the purpose at 
least of an excellent foundation for a more solid bank, 
even though of itself it might be too light, loose, or log^ 
to serve that purpose.* 

Cod .—The expense of warping has been variously 
stated at from 30s. to‘£10 an acre. In ordinary cir¬ 
cumstances it can seldom cost more than the smaller 
sum, as after the banks and sluices are fixed, which 
outlay cannot be wholly charged on the warping, the 
only expense will be the occasional wages of a man to 
attend the sluices. On the other hand, poor land has 
been so raised in value by this outlay as in many cases 
to repay the cost in a single year. 


* “ General Repoi’t of Scotland.” 



CHAPTER XI. 

COST OF lERIGATING LAND. 

% 

The cost per acre of irrigating land will, of course, 
depend on a variety of circumstances. It will vary 
according to the mode of irrigation adopted, the nature 
of the work, the configuration of the land, and the 
natural roughness or smoothness of the surface, the 
distance from the source of water-supply, and the 
means by which the required amount of water can be 
, obtained. 

Bed-work irrigation is the most expensive ; but even 
here the cost will vary considerably. If the ground is 
smooth on its surface, or in regular ridges; if the 
water can be easily brought to the meadow, and neither 
wear nor conductor is necessary, the cost may not 
exceed £S per acre. If, however, the land has a rough 
and irregular surface; if a long conductor, and a 
proper wear be required, with hatches both in it and 
in the feeders, the cost may be £10 per acre. 

“ Few people unacquainted with the art of irriga¬ 
tion,” says Mr. Stephens, “ and the regularity of form 
which the adjustment of water requires, have any idea 
of the expense of modelling the surface of a field. 
Where the ground is nearly level, and the surface 
covered with turf, the turf may be taken up, the 
ground properly shaped, and the turf replaced for £3 
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per acre; as was instanced in one case belonging to tne 
late Sir Charles Menteath, of Closeburn, in 1826; 
whereas, in a case of Mr. Lawson, of Cairnmuir, in 
Peeblesshire, the cost was £12 per acre. In one field 
it cost Mr. Simpson, of Glenythan, Aberdeenshire, 
about £7, and in another field only £1 16s. 9d. per 
acre. From £7 to £9 may be taken as a fair aver ag^e 
of the expense of converting land into water-meadow. 
Unless, therefore, the advantage to be derived were 
considerable, such an expense would not be justifiable ; _ 
but in all cases where meadows have been well managed 
the yield has at least doubled.’’ 

The expense of forming some of the Wiltshire water- 
meadows has much exceeded £10 or £12 per acre. 
£20 and even £40 per acre, have, it is said, been 
expended in the formation of some of these meadows ; 
but the latter sum seems altogether unreasonable, even 
for the most elaborate work; though no doubt the 
value of these meadows, which are worth an annual 
rent of from £5 to £10 per acre, will warrant a large 
expenditure, so long as it is judiciously made. 

Where a now meadow is to be formed on the bed- 
work plan, and the ground is favourable, the whole of 
the work within the boundary fence may be done by 
the plough, except a little final touching-up and shap¬ 
ing out of the channels and gutters, which would have 
to be done by the spade, and need not cost more than 
£2 to £2 10s. per acre. The width of the beds or 
ridges is first sot out, then the land is ploughed two or 
three times, always “ gathering ” and “splitting” in 
the same place, to get the necessary rise and round of 
the beds. After this the ground is well rolled, har¬ 
rowed, seeded, and rolled again. It then remains to 
draw out the feeders on the crowns of the ridges, and 
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the furrows in the bottoms between the beds. This is 
readily done by a single turn of the ridging plough. 
A man follows with a spade and gives the final touch 
up, and the work is complete. The expense of outside 
conductors, dams, and wears will not usually exceed a 
few shiUinga per acre. 

Catch-work irrigation can be practised at very little 
expense. The cost of forming the furrows by the 
plough will not often exceed 5s. per acre, and very 
little spadework is needed. Thii^is decisive in favour 
of catch-work, where it can be adopted. It also requires 
much less water, and is often fully as effective as bed- 
work irrigation. The furrows need to be but very 
small, as all that is required of them is to arrest the 
flow of the water, and cause it to spread out equally 
again in a thin sheet over the whole surface. The total 
cost of this system, including the expense of bringing 
the water to the field, need seldom be more than 10s. 
per acre. 

In the foregoing cases nothing is supposed to be paid 
for the water itself; but in many countries the water 
rates are high for irrigating land; £lnd it may also 
occur that there is considerable expens'e in raising the 
water and in bringing it to the land after the right to 
use it is obtained. 

In France, where one cubic foot of water per second 
is used to irrigate 70 acres of land, as much as £100 
is paid per cubic foot per second during the season; 
and the cost per acre varies from <£1 Ss. to £1 10s. 
annually. 

“ In Spain, the Iberian Irrigation Company makes a 
charge of about 30s. per acre, for twelve waterings per 
year, equivalent to a total depth of 33 inches of water 
over the entire surface irrigated. 
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“ In Italy, the average cost of the water to the farmer 
is from £150 to £170 per cubic foot per second, equiva¬ 
lent to 11s. 6d. per acre for maize, 31s. 6d. an acre for 
meadows, and £4 an acre for rice.”* 

The same writer states that in California, Colorado, 
and other parts of the United States, the “ actual cost” 
of irrigating land *‘has been found to range from so 
small a sum as $1 f per acre upwards. That is, a coffi- 
munity of farmers, numbering some hundreds, may con¬ 
struct the necessary dams, canals, sluices, and feed-gates, 
to irrigate 10,000 to 50,000 acres of land at a total cost 
not to exceed $5 per acre, where the conditions of water- 
supply, character of soil, and surface of the land are 
favourable.This estimate will allow of substan¬ 

tially constructed works, which will require but little 
repair or renewal to keep them in permanently good 
condition. Large tracts of land have been supplied 
with water for irrigation at a much less cost than 
this, in some cases even so low as 25 to 50 cents per 
acre; but this cost covers only the construction of the 
main supply ditch, and not the interior ditches, which, 
to be permanent, should be well laid out and properly 
constructed. It is now sufficiently well known, how¬ 
ever, that a supply of water for irrigation can be brought 
to and spread over a farm upon our dry plains at a total 
expenditure of capital per acre not any greater than the 
annual rent paid per acre for irrigating water in Euro¬ 
pean countries.” 

Where the water used in irrigation has to be raised 
from wells by pumping, or other means, the working 
expenses will be much increased. In Behar, where 
well irrigation is common, and the water is usually 

* Stewart, “Irrigation for the Farm, Garden, and Orchard." 

t The American dollar is 100 cents; equivalent to 4s. 2d. 
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raised by bullocks working a rope and buckets, one 
pair of bullocks can, in hot weather, irrigate one-tenth 
of a beegah per day, and in cold weather one-seventh 
of a beegah (a beegah is about two-thirds of an English 
l^acre). This—allowing four annas* per diem, a low 
rate of hire, for two labourers; pair of bullocks, wear 
and tear of rope and buckcfts, &c.—would leave each 
irrigation to cost, in the hot weather, Rs. 2 8 0 f per 
beegah, and in the cold weather Rs. 1 12 0 per beegah, 
i.e. from 6s. lOd. to 4s. 4d. per acr^. 

Z' 'The crops are usually irrigated four or five times, so 
that, allowing each watering to cost only Rs. 18 0 per 
'beegah, there is still, at lowest calculation, Rs. 6 0 0 
per beegah, or about 17s. per acre, expended annually 
in the mere application of the water. 

Canal irrigation costs very much less than well irri¬ 
gation, where, in the latter case, the water has to be 
‘ raised by artificial means. 


1 anna — 1 •4(1. 


t 1 rupee = 22 •4d. 



CHAPTER XIL 

SOURCES OF WATER-SUPPLY. 

Ratn may be termed the direct source of water-supply, 
though rain itself is due to the evaporation which goes 
on from sea and land. The moisture which rises through 
the air is, in fact, equal to that which falls through it. 
Every drop of fresh water on the surface of the globe, 
or within the earth’s crust, has been distilled from the 
atmosphere. 

Rainfall .—For drainage works we require to know 
the maximum fall of rain during storms, but for water 
supply we must estimate the least quantity of fall. 

The comparative quantity of rainfall depends upon 
the- vicinity of mountain ranges, and not upon altitude. 
The greatest fall occurs in the west of hilly districts. 
In Great Britain it varies from 15 inches annually, in 
dry districts in dry years, to 150 inches in wet districts 
in wet years. In exceptional cases, near the Lake dis¬ 
trict, as much as 220 inches has fallen in one year. 
The mean annual rainfall in England is estimated at 
32 inches. 

Influence of Vegetation on Rainfall .—The fall of rain 
in any district increases with the increase of vegetation, 
and especially of forest growth. “ Trees and forests,” 
remarks Steinmetz, ‘^contribute to the formation of 
springs and watercourses, not only by means of the 
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humidity which they produce and the condensation of 
vapours by refrigeration, but also by reason of the 
obstacles which they present to the evaporation of the 
water in the soil itself, and by means of the roots which, 
by dividing the soil like so many perforations, render it 
more permeable and facilitate filtration. The clearing 
of forests, and the consequent drying up or draining of 
marshes and bogs, have caused a material alteration, 
not only in the entire face of the country, but in the 
supply of water to the rivers fiJl’merly derived from 
those reservoirs, and in the periodical amount of rain¬ 
fall and the regularity of its distribution.” In Germany 
it is considered that, in order to insure a regular and 
sufficient rainfall in agricultural districts, the propor¬ 
tion of forest or woodland should not be less than 
20 per cent. 

Springs. —One of the duties of rain-water is to re- 
.plenish the deep-seated springs. This is done by that 
portion of the rainfall vffiich escapes evaporation and 
drainage, and penetrates into the porous strata of the 
earth. And that it is the rainfall which is the imme¬ 
diate and only source of supply to all the subterranean 
reservoirs, as well as to all the surfabe streams and 
lakes, it would be easy to prove. It may be daily 
observed that springs increase or decrease in proportion 
as it does or does not rain; and if a drought occurs, of 
a few weeks^ duration e v^en, many of them go dry alto¬ 
gether. If the drought were protracted for a year or 
less, there would be scarcely any springs met with in all 
the land. The absence of rainfall has the very same 
effect in diminishing the water of lakes, and it tells far 
sooner in the flow of rivers. 

Water-hearing Strata .—Although a considerable 
portion of the rain-water, perhaps one-fourth of the 
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entire quantity which falls on the surface of the earth, 
penetrates its porous strata, and is gathered in subter¬ 
ranean recesses, there is no more a general distribu¬ 
tion of water in the stratification below the crust of the 
earth than there is on the surface. Yet many thou¬ 
sands of pounds are annually wasted in fruitless attempts 
to get water where it does'not exist. 

Predictions of water being obtainable from subter¬ 
ranean sources at a given point on the surface can 
never be certain without a very thorough knowledge 
of the geological position, thickness, porosity, dip, and 
soundness of the strata over all the area that can have 
influence upon the flow of the percolating water. 
There are, of course, water-bearing strata; but though 
plenty of water may be got by sinking at one point, 
it may happen that only a few rods distant no 
water will be obtainable in the same stratum, an inter¬ 
vening fault having intercepted the flow and led it off 
in another direction. In one case, after trying a 
number of places for water, none was found within 
120 feet of the surface, and yet close by water was 
obtained at 40' feet in depth. Sometimes, by the 
extension of a heading from a shaft in a water-bearing 
stratum, to increase an existing supply, a fault is 
pierced, and the existing supply led off into a new 
channel. 

** The underground flow of water towards wells or 
springs is limited and controlled, not only by the 
porosity of the strata which it enters, but also by their 
inclination, curvature, and continuous extent, and by 
the imperviousness of the underlying stratum. The 
chalk and limestone do not admit of free percolation, 
and are unreliable as conveyors of water from distant 
gathering surfaces, since their numerous fissures 
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through which the water takes its course are neither 
continuous nor uniform in direction. 

“ The mere distance from hills or mountains need 
not discourage us from sinking wells. Waters are 
sometimes gathered through inclined strata from very 
distant water-sheds, and sometimes their course leads 
under considerable hills of more recent deposit than the 
stratum in which the water is flowing.” * 

Commencing with the chalk formation downwards. 
Professor E. Hull has arranged twelve sets of strata 
according to their water-bearing quality. Of the 
twelve seven are permeable, or water-bearing forma¬ 
tions, viz.:—(1) Chalk and Upper Greensand; (3) 
Lower Greensand; (4) Purbeck and Portland beds; 
(6) Coral Pag and Grit; (8) Oolite and Upper Lias 
sands; (10) Middle Lias; (12) How Ped Sandstone, 
with a total thickness varying from 1,275 to 5,500 
.feet; while alternating with the above are five im¬ 
permeable or dry formations, viz.;—(2) Gault clay; 
(5) Kimmeridge clay; (7) Oxford clay ; (9) Upper 
Lias’clay; (11) Lower Lias and Keuper marls, with 
a total thickness varying from 2,llp to 5,430 ^eet 
vertical. 

The water-bearing strata, it is seen, consist of sand¬ 
stones and limestones of various kinds; the dry 
formations of clays and shales. Yet the very same 

strata that now throw out springs or yield water 
when pierced would, if occurring at a different level, 
or if inclined at a suitable angle, become the means of 
draining water away from other parts than that in 
which their waters are now collected. This follows 
as a matter of course, for the conditions would merely 
be reversed, and the water would pass through the beds 


* Fanning, “ On Water Supply.” 
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in another direction, the springs of one locality being 
in fact but the natural drainage of another.” 

Effect of Drainage on Water-Supply and Floods .— 
Every inch of rainfall lost by drainage from every acre 
of ground represents a loss of 100 tons of water to that 
acre. The average loss of water by drainage through¬ 
out the country is probably half the rainfall, but taking 
it at 10 inches, then the loss will be 1,000 tons per acre, 
or 640,000 tons per square mile. 

The modern system of drainage clears the land of its 
surplus water almost as soon as it falls, there being 
now few of the ancient surface reservoirs, in the shape 
of bogs and marshes, to receive and retain it for future 
use. It does not follow, however, that the subterranean 
reservoirs must suffer, because where there is a porous 
surface stratum (and it is the porous strata only that 
feed these underground reservoirs) the rain-water fall¬ 
ing upon it will sink as before, until the level of super¬ 
saturation rises to the level of the drain-pipe, which 
will only carry off the surplus water. 

The immediate effect of the drainage of higher lands 
has^' however, often been to inundate the lower levels, 
by causing the watercourses of the district to rise more 
speedily and to greater height than before. But as 
the flow of the stream is more rapid, and the total 
volume of discharge is not augmented, the floods sub¬ 
side sooner. 

Artificial Sources of Supply .—The foregoing con¬ 
siderations lead to the conclusion that, in all cases of 
artificial water-supply, it must be obtained from one of 
two sources—either from subterranean reservoirs, or 
from surface drainage—and that geological conditions 
will determine which of these sources can be made most 
available. Where water-bearing strata can be tapped, 
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the supply may be obtained by sinking wells; but 
where the subjacent water-bearing strata lie so deep 
that the expense of a well would be too great, the 
supply must be obtained by artificial storage of rain¬ 
water and surface-drainage. These different means of 
obtaining water will be found treated of at length in 
the succeeding chapters. • 

The distillation of sea-water is said to be the only 
means of domestic water-supply in some districts of 
South America. For agricultural and farm purposes 
generally, even on the smallest scale, however, the 
distillation of water would be very far from econo¬ 
mical. 

Still there are times and places when men cannot 
afford to disregard any possible means of obtaining 
even a few drops of water. An Australian recently 
supplied himself with water in a very novel way, and 
. saved his life by it, while crossing one of the waterless 
regions of that vast continent. This he did by thrust¬ 
ing the ends of green scrub-wood—'‘malice scrub **— 
into the fire, and catching the sap driven out at the 
other end in a bark trough. He states that a d^zen 
mallec sticks, 4 feet long and 2 or 3 inches in diameter, 
would give a pint of water in an hour; and suggests 
that the same device may possibly be found of vital 
importance to other bush-rangers and travellers in 
arid regions. 


F 



CHAPTER XIII. 

WELLS AND WELL-SINKING. 

Wells are of tliree kinds:—1. Open Wells. 2. Bored 
Tube Wells, commonly called “Artesian Wells.” 
3. Driven Tube Wells, sometimes termed “Abys¬ 
sinian Tube Wells.” One or all of them may be 
flowing wells, or they may not. In the latter case, the 
water may rise to the surface or near it; but will 
generally have to be raised some distance by pumping. 

Driven Wells, or *^Abyssinian Tube Wells .**—The 
newest system of obtaining water from subterranean 
cavities is by driving a tube into the ground until its 
perforated end reaches a stratum containing water. 
Whon that occurs, the water will immediately flow 
through the perforations into the pipe ; and, if a pump 
is attached to the upper end of the tube, by pumping 
for a time, all the particles of sand and fine gravel will 
be drawn out, and the cavity thus formed around the 
perforations will remain filled with pure water, as shown 
in Fig. 23. 

Mr. Robert Sutcliff * has given a good account of 
the' process of driving a tube-well:—“ In the first 
place,” he says, “ the materials used must be of the 
very best quality, and especially tough and good iron 
is required for the tubes. The first tube is pointed 
* Annual Conference on National Water Supply, 1879, 
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and perforated up for a few inches, with holes varying 
from one-eighth to quarter inch. The point is some¬ 
what bulbous; but only suffi¬ 
ciently so to make clearance 
for the sockets, by which the 
tubes are connected together. 

On the tube a clamp “is 
fastened, provided with steel 
teeth, so as to grip the tube. 

This clamp is tightened by 
means of two bolts. Next, 
a cast-iron driving-weight, 
or monkey, is slipped on to 
the tube, above the clamp. 

The tube, thus furnished, is 
stood up perfectly vertical, 
in the centre of the tripod; 
ropes are made fast to the 
monkey, and driving is com¬ 
menced by two men pull¬ 
ing the ropes, and allowing 
the monkey to fall on the 
clamp. It is particularly 
important that the bolts of the clamp are kept tight, 
so that no slipping takes place. When the pointed, 
tube has so far penetrated the earth that the clamp 
reaches the ground, the bolts are slackened, and the 
clamp raised again some two or three feet. Length 
after length of the tube is thus driven into the earth, 
being connected together by socket-joints. It will be 
noticed that the tube well proper is, therefore, self- 
boring, and that no core of earth is removed. 

“ One of the first questions that wiU suggest itself 
to a thinking mind is, will not the small perforations 

F 2 
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be entirely blocked up by being thus forcibly driven 
through the earth? This was the American's first 
idea, and he provided a sort of sleeve, in the shape of a 
sliding-tube, over the perforations, to protect them 
from the earth. Experience, however, has proved this 
protection to be quite unnecessary. The perforations 
are made about four times as numerous as is necessary 
for obtaining a full flow of water from the tubes. 
Earth does find its w^y into the tube wells in pellets, 
like the casts from a worm ; but some of the per¬ 
forations are always left sufficiently open to allow water 
to pass into the well; and, if the soil comes rapidly 
into the tubes, it is easily mixed with water poured 
down from the surface, and drawn up by ^-inch tubes, 
to which a pump is attached. 

In the Abyssinian and other campaigns, “ the wells 
were only used singly, as one or two were found suf¬ 
ficient to supply the wants of a number of troops. 
When, however, large supplies for manufactories, 
towns, and villages were needed, a fresh development in 
the system took place. Instead of single wells of great 
diaideter, groups of moderate size were driven, and 
coupled together by horizontal mains ; so that powerful 
steam-pumps could draw from many wells at the same 
time. The great friction that would be caused by 
drawing an enormous body of water to a single spot is 
thus avoided. Wells so coupled draw from a very 
large area of ground, and the water-level at any one 
spot is not so readily lowered. The very action of the 
pump, too, in drawing the water to the wells, opens 
and maintains channels of communication which help 
to keep up the level of the water. In putting down 
plant for a large supply of water, a trench, hundreds 
of feet in length, and some two or three feet in depths 
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is dug; and tubes are driven every 20 feet, and 
coupled by mains as already described. 

“ It may be interesting to refer to some particular 
instances, where large supplies of water are thus ob¬ 
tained. At West Thurrock, in Essex, a cement com¬ 
pany is pumping from two 5-inch tube wells, about 
80 feet deep, 220,000 gallons per day of 10 hours. 
Another cement works at Northfleet is pumping 60,000 
gallons per day. These have been pumped daily 
for about four years, and still ^ive a constant supply. 

■ As expense is an important feature, it may be men¬ 
tioned that the cost of these did not exceed £60 each. 
The coupled tube wells are to be found in greatest 
numbers at the centres of beer manufacture, where 
abundance of pure and cool water is an absolute neces- 
.sity. At Burton-on-Trent about two million gallons 
are pumped daily from these wells. 

“ When rock, solid stone, or incompressible clay is 
met with, a tube cannot be driven through it without 
first making a hole and removing the cores. In some 
cases, however, there may be many feet of loose earth 
which can be easily driven through. * The tubes, there¬ 
fore, may be fitted with a tempor'ary hard wooden 
point, which will allow them to be driven through the 
soft earth, and when an obstruction that cannot be 
penetrated is met the point is knocked out, and, being 
wood and in sections, it floats to the surface of the water 
and leaves an open-ended tube, through which ordinary 
boring tools can be passed to chisel and break up the 
rock. A tube can frequently be driven through gravel 
and clay to a depth of, say, 70 feet in a single day. To 
bore to the same depth in a similar stratum frequently 
takes ten days or a fortnight. The saving that may be 
effected by driving through the loose stratum can. 
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"therefore, be readily appreciated, and what is still 
more important, the upper part of the tubes are fixed 
more tightly in the ground than if a boring had been 
made to receive them. In some cases, however, hard 
strata come right to the surface, and the boring opera¬ 
tions, consequently, cannot be deferred. When this is 
the case, instead of using a pbinted tube, an open-ended 
steel-shod pipe is driven into the hole as the boring pro¬ 
ceeds. As the tools pa^s down inside the pipe they do 
not cut so large a hole as the outside circumference, and 
some little trimming down of the sides is left for the 
steel shoe to perform. 

“ In great depths the single tier of pipes with which 
the work is commenced cannot be forced the whole 
way. Tubes, therefore, of smaller diameter are in¬ 
serted ; but, as to pump by the tube-well method air-> 
tight joints are absolutely necessary, the final tube 
is continuous from the deep spring to the surface. In 
this way tube wells 300 and 400 feet in length are put 
down, and if the spring, when tapped, rises to the 
surface, or within, say, 25 feet of it, only an ordinary 
lift pamp is required to obtain the supply. Where the 
water does not rise to the required height, a deep-well 
pump can be lowered into the tube well, and worked by 
rods from the surface.'' 

The latest method of driving tube wells is more 
particularly applicable to tubes of large size, and is so 
simple as to merit a brief notice. “An elongated 
cylindrical weight passes down inside the tube, and the 
blow, instead of being struck at the surface, is delivered 
where it is wanted, near the point which penetrates the 
earth. As water in the tube would impede the force of 
the blow, the first socket above the perforations is made 
sufficiently long to admit of a stout iron ring or washer 
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being placed in the centre of it in such a way that the* 
two lengths of tube, when screwed tightly together, 
butt against it, one on the under, and the other on the 
upper surface. The interior of this ring is of sufficient 
size to allow the water to pass freely through it, but it 
has a screw thread cut throughout its whole length. 
During the operation of driving, the opening in this 
ring is closed by a steel plug, which is screwed down 
into it until its shoulder butts on the ring. The upper 
surface of the plug forms an anvu, on which the driving 
’weight falls. The plug is readily removed and brought 
to the surface when the required depth has beenreached.^^ 
Artesian^* or Bored Tube Weils .—Where driven 
tube wells are not practicable, from the nature of the 
strata which have to be passed through, artesian wells 
4 nay be attempted. These are simply open-ended steel- 
shod pipes, which are driven down after the drill as it 
bores through the rock, the core of earth at the same 
time being brought to the surface. 

The term “ artesian” is only properly applied to 
wells in which the water i-ises to or above the surface. 
But many so-called artesian wells are not “ flowing ” 
wells, the water supplied by them having to be raised 
partly by pumping. 

Self-flowing wells and springs are similar in action, 
and their principle is this : water percolating through 
pervious strata, such as sand, gravel, or chalk, is finally 
arrested in its downward course by an impervious stra¬ 
tum of rock or clay, causing it to accumulate in the 
pervious strata above as in a reservoir, and when the 
source of supply is higher than the ground at the place 
where the well is bored, the water will rise to the sur¬ 
face, or even considerably above it. 

The process of sinking artesian wells of great depth 
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is attended witli considerable difficulty and expense, 
but in many cases it is not necessary to go very deep. 
There are cases on record where a couple of men have 
completed a flowing artesian well in a few hours, and 
the tools used were carried on their backs. For larger 
operations a steam driller may be necessary, but smaller 
sets of the same machinery ^are made for working by 
horse, and even by hand power. 

Some soils are easier operated in than others, but 
when the depth is not very great, if no rocks or 
boulders are met with, there will be no difficulty about 
the sinking. 

In some formations—such as granite, hornblende, 
and limestone—artesian wells are not gcuiei-ally success¬ 
ful, unless water is reached before touching the solid 
rock. Where rock has to be passed, the expense 
more and water uncertain, unless the geological condi¬ 
tions of the district are well understood. 

“Among the causes of the failure of artesian wells,” 
says Mr. Spon, “ we may mention those numerous rents 
and faults which abound in some rocks, and the deep 
ravines and vailoys by which many countries are tra¬ 
versed ; for when these natural lines of drainage exist, 
there remains a small quantity only of water to escape 
by artificial issues. AVe are also liable to be baffled by 
the great thickness either of porous or impervious strata, 
or by the dip of the beds, which may carry off the 
waters from adjoining high lands to some trough in an 
opposite direction—as when the borings are made at the 
foot of an escarpment where the strata incline inwards, 
or in a direction opposite to the face of the cliffs.” 

The artesian well at Passy, for supplying water to 
Paris, is probably the largest well of the kind yet at¬ 
tempted. It is carried through the chalk into the 
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lower greensands, whicli were reached at a depth of 
about 1,900 feet, the bore finishing with a diameter of 
2 feet. The first water-bearing strata was reached at a 
depth of 1,894 feet, but the water did not rise to the 
surface. At length a true artesian spring was tapped 
at a depth of 1,923 feet, yielding 5,582,000 gallons per 
day. The total cost of the well was £40,000. It was 
laid with solid masonry to a depth of 150 feet, then 
wood and iron tubing was introd^^ced to 1,804 feet from 
the surface, and below that there was a length of copper 
pipe pierced with holes. 

There are, however, many deeper wells than that at 
Passy. The artesian well at Belcher’s sugar factory, 
St. Louis, is 2,197 feet deep. It was finished in thirty- 
three months, at a cost of 10,000 dols. If report is true, 
the same American city can probably claim to have the 
deepest well in the world, for another artesian boring 
. at St. Louis is said to have reached a depth of 3,850 feet, 
or 3,000 feet below the level of the sea. 

Along the lines of the great railroads which now 
traverse the American continent, fronj the Atlantic to 
the Pacific, water is obtained at certain^points by means 
of deep artesian wells for supplying the necessities of 
the* roads. This, though often the only resource in the 
uninhabited and waterless districts passed through, is 
not successful at all places, and at hundreds of railway 
stations on these lines every drop of water they get, 
even for drinking and culinary purposes, has to be 
brought long distances by rail on special water-trains, 
which it is incumbent to run once or twice a day for 
that purpose. 

During the autumn of last year we spent several weeks 
{on the Texas Pacific and the Southern Pacific Pailroads, 
and the lands immediately adjoining them; and, west of 

E 3 
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the Pecos river, at least, at all the stations along these 
routes, took notes of what had been done, or was being 
done, in order to obtain a sufficient water-supply. Thus, 
at Wild Horse Station, on the Texas and Pacific road, we 
found two wells had been bored, and plenty of water 
obtained in both, at a depth of 350 feet. Ten miles 
farther on, at Van Horn Station, a depth of 750 feet 
was reached before obtaining water. None of these 
wells, however, are seJ^E-flowing, and pumping*engines 
of about 35 horse-power, with two men in attendance, 
were employed at each of them for raising the water. 

At Haskell Station, on the Southern Pacific road, 
and only eight or nine miles south of Van Horn, a 
boring had been made to the depth of 1,200 feet with¬ 
out finding water. At Sierra Blanca, forty miles farther 
west, where the two roads unite, water had not been 
found at a depth of 700 feet. At Finlay Station, twenty- 
one miles west of Sierra Blanca, the boring had been 
stopped at 200 feet without any signs of water. 

A similar record could be given as the result of 
borings at more tjhan a dozen other stations on the rail¬ 
ways skirting the upper valley of the Rio Grande. 

At the time of our visit, the prices being paid for 
boring were at the rate of $3 per foot for the first 
100 feet, increasing half a dollar per foot every 50 feet 
beyond that depth. The bores were generally 7 J inches 
in diameter. 
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At tlie above rates tbe cost of a well 1,000 feet would 
be $7,255. These prices, however, only included labour, 
the railway companies finding tubes, tools, engines, and 
fuel, &c.; 60 that the total cost must have been con¬ 
siderably greater. An engineer in charge of the boring 
at one of the stations told us that, making allowance 
for accidents, the actual total cost of one of these wells 
would be nearly double the above sum. 

At Chicago, where there are inwards of twenty arle- 
,sian wells, varying in depth from 1,200 to 1,640 feet, 
the average cost was found to be $6,000 for a 5|-inch 
bore, and $5,000 for a 4J-inch bore, in each case 
1,200 feet deep. 

No doubt, where the bore is less than 100 feet in 
depth, it can be done at a small outlay. We have heard 
a practical man say that, in easy working soil, it would 
then be profitable at $1 a foot; and that the tools and 
entire outfit for sinking such a well need not cost more 
than $75. The tubes would cost about 15 cents a 
foot. 

As to the cost of boring artesian wells in England, 
we will quote Mr. Spon: “Boring,” h§ says, “is usflally 
executed by contract. The approximate average cost 
in*England may be taken at Is. 3d. a foot for the first 
30 feet and 2s. 6d. a foot for the second 30 feet, and 
continue in arithmetical progression, advancing Is. 3d. 
a foot for every additional 30 feet in depth. This does 
not include the cost of tubing, conveyance of plant and 
tools, professional superintendence, or working in rock 
of unusual hardness, such as hard limestone and whin- 
stone.” 

Open Welk .—All the old domestic wells are of this 
class, and have been formed by digging or sinking a 
shaft of several feet in diameter. Owing to the groat 
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expense of doing this they are naturally of very limited 
depth as compared with the tube wells we have pre¬ 
viously been discussing, few of them exceeding 60 feet, 
and the majority of them probably not reaching half 
that depth. 

Very few open wells are now dug. Besides the 
question of greater expense, there are many objections 
to them, which the deeper tube wells are free from. In 
many cases the open t-wells are merely catch-water 
tanks, and even where water does rise in them from 
below, it is liable to be spoilt by the drainage from the 
surface carrying organic matters into the well. 

In sinking a well of this kind the top waters, to a 
depth of 10 or 12 feet, should be carefully stopped off 
by solid masonry or hydraulic cement, and means 
adopted for keeping it free from contamination. 

The water is raised in many open wells by pumping, 
but the old plan, which is still extensively in use in 
rural districts, was to draw water from the well by 
means of a rope and bucket. 

The cost of digging a well in a clay soil, and build¬ 
ing a well ring, say 3 feet in diameter, will be about £10 
for the first 20 feet in depth, the expense increasing 
considerably in proportion for every foot of addi¬ 
tional depth. This is exclusive of winch or pump, &c. 



CHAPTER XIV. 

CATCH-WATEK EEI^EEVOIRS. 

Tn cases not admitting of supply by means of wells, 
and where springs do not appear on the surface, the 
fluctuation of the rainfall, and consequently the flow of 
streams at different seasons of the year, require almost 
invariably that there shall be artificial storage of winter 
rainfall for summer use. When the mean annual re¬ 
quirements, whether for domestic use, for hydraulic 
power, or for live stock and irrigation purposes, one or 
all combined, are nearly equal to the mean available 
rainfall, the question of storage becomes of supreme 
importance. 

Determination of available Rainfall .—For metAure- 
ment of rainfall two kinds of data are required: (1) 
drainage-area, catchment-basin, or gathering-ground ; 
(2) depth of rainfall. 

Drainage areas are usually bounded by water-shed 
lines. The water-shed does not always, however, prove 
the drainage boundary; as, for example, when a porous 
superstratum overlies an impervious stratum. In such 
cases the drainage boundary will not be at a but at b 
(Fig. 24). Artificial watercourses and drains may also 
lead the water away from its natural course ; but while 
this will diminish the yield of one water-shed, it will 
add to the natural supply in another place. 
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Steep rocky surfaces, or clay soils, make the best 
gathering-grounds, as the rain-water flows rapidly off 
them and less is lost both by evaporation and absorp- 


A 



tion than on flat and porous surfaces. Sand, gravel, 
and chalk, as well as many of the softer sandstones, are 
all so exceedingly absorbent that the rain is swallowed 
up as fast as it falls on them. 

We have, then, only this general rule : Water-shed 
lines are the boundaries of the basins, but geological 
features may affect the quantity as already described. 

The available rainfall of a district is that part of the 
total fall which remains to be stored or carried away, 
after deducting the losses by evaporation, percolation, 
absorption by plants, and other causes. The propor¬ 
tion which this bears to the total rainfall varies very 
much, being affected by the distribution of the rain¬ 
fall, the porosity of the soil, the steepness or flatness of 
the ground, the nature and quantity of vegetation upon 
it, the temperature and moisture of the air, and other 
circumstances. Upon average drainage areas, and 
including floods and flow of springs, it may ordinarily 
be taken at about 50 per cent, of the annual rainfall. 
For different surfaces its ratio is more approximately as 
follows :— 

On primary rocks . . . nearly 1* 

On moorland and hill pasture . . . '8 to ’6 

On cultivated land.’5 „ -2 

On chalk ditto.0. 
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Assuming then that half the rainfall can be made 
available for storage, a fall of 32 inches per annum 
leaves us 16 inches, or 16*16 tons per acre. 

But there are losses incidental to storage which must 
not be overlooked. Reservoirs constructed on the 
surface of the ground are seldom perfectly water-tight, 
and a certain amount of percolation is almost inevitable. 
More or less evaporation will also take place from the 
surface of the reservoir. Thelamount of evaporation 
,from the surface of water has, in England, been found to 
be 18 inches or more per annum ; but the percentage 
of storage water lost by evaporation will of course de¬ 
pend on the superficial area of the reservoir, and in any 
case will be comparatively small. If these two losses, 
however, taken together, amount to 6 or 7 per cent, of 
the reservoir water, it takes 1 inch off the available 
rainfall, and leaves us with only 15 inches available for 
consumption. 

When water is impounded in manufacturing dis¬ 
tricts, it is common to allow from J to J of the avail¬ 
able supply to the riparian owners, Ipaving J or | for 
the impounders. , * 

Site of Reservoir .—This should bo carefully chosen 
in* regard to the gathering-ground, the nature of the 
surrounding and underlying soil, the requirements 
of live-stock, irrigation, and agriculture in general, 
as well as the cost of construction. The most favour¬ 
able site, as affecting cost, is where a comparatively 
small embankment, thrown across a gorge or valley, 
will form a large reservoir with the water retained 
on three sides by the rising ground. An imperme¬ 
able clay surface is as important as the configuration 
of the ground, as it not only influences the cost of 
puddling, but the proportion of the rainfall which can 
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be collected, and also its retention in the reservoir is 
largely dependent on this feature. The position of the 
reservoir for supplying grazing stock with water, or for 
irrigation or other purposes, is of less consequence than 
obtaining a good storage, unless the reservoir is so 
distant from the place of consumption that the cost of 
delivery pipes would defeat the object of storage 
altogether. 

Cajxwity of Resercoh "^.—As a matter of economy, it 
will always be better to construct one large reservoir 
than two smaller ones to hold the same amount of 
water; but there is of course a practical limit to the 
height of the dams. Deep open reservoirs, however, 
are in all cases preferable to shallow ones, for other 
reasons besides that of first cost; for where the surface is 
large in proportion to the capacity of the reservoir, the 
greater will be the evaporation, and shallow water also 
encourages the growth and decay of vegetable matter. 

Construction of Reservoirs .—Small reservoirs, such as 
would generally afford sufficient supplies for all agri¬ 
cultural pitrposes, need entail only a moderate amount 
of engineering skjll and of pecuniary outlay. Where 
a ravine or gorge can be converted into a storage 
reservoir, no excavation will be needed, and the only 
expense will be that of constructing the dam, unless 
the bottom requires puddling. In such situations, 
however, the dam must be of great weight and strength 
as well as height. 

The Texas and Pacific Railway Company conceived 
the idea of obtaining a large water-supply from a reser¬ 
voir of this kind, near Carisso Pa^s, where the position 
was favourable for forming a lake basin of very large 
area.- At a point where the gorge between two moun¬ 
tain ranges narrows to a width of perhaps 60 yards, an 
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embankment, some 75 feet wide at base, 20 feet at top, 
and 24 feet bigb, was thrown across it. Riding over 
the waterless prairie, some miles to the south of this 
spot, we noticed the artificial mound, and guessing its 
purpose, was lured out of our way, partly through 
interest in the scheme, and partly that we might 
quench our thirst' in the fiool and pleasant waters of 
the imaginary lake which was in hiding on the other 
side. But not a single drop of ^ater was there ! The 
scheme had been carried out regardless of geological 
conditions, which, on the gigantic surface of the lake 
(that ought to have been) there had been no attempt 
to rectify by art. The floods had been there in their 
season, as was attested by the water-mark on the inner 
side of the embankment, and the embankment had 
stayed the torrent of water which had rapidly arisen 
behind it; but the basin of the reservoir was sandy and 
. porous, and appearances too plainly showed that the 
whilom lake had vanished underground, when the floods 
were over and the dry season set in. 

In some places a natural hollow exists, which, with 
very little excavation, can be made lo form a capital 
reservoir. A reservoir on level ground will entail 
more labour; but it is not always necessary in this 
case even that the entire capacity of the reservoir 
should be excavated ; for provided water can be led on 
from higher ground, a small portion of digging need 
only be done, and the excavated material used for 
raising the sides, making about two-thirds of the 
capacity duo to embanking, and only about one-third 
to excavation. The principle of this reservoir is, how¬ 
ever, objectionable, owing to the sides being raised so 
much above the natural level of the ground; so that, 
even where it could be filled to that raised level, it 
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may be better to excavate to the full extent if neces¬ 
sary. 

An excavating scoop, which is manufactured by 
Messrs. John Fowler and Co., will be found to greatly 
facilitate and cheapen the construction of these reser¬ 
voirs. The implement in question was originally 
designed for making large ]^onds or reservoirs on Aus¬ 
tralian sheep farms; but its successful employment for 
this purpose has led t^ other application of it, and it is 
now used for other descriptions of excavating work, 
and particularly for levelling land and constructing 
dams. The scoop is worked by drawing it backward 
and forward between two steam-ploughing engines, in 
the same way as the implements employed in 
the double-engine system of steam-ploughing tackle, 
the engines being placed one on each headland, and 
the implement being pulled backward and forward 
between them. The scoop is, however, always filled 
by one of the engines, the other engine being used 
only for pulling the loaded scoop to the point where it 
is required to discharge. By ploughing the ground 
firsij, and using tlie scoop after, an extensive basin can 
soon be scooped out on the Icvelest surface ; the depth 
being determined by the number of times the opera¬ 
tions of ploughing and scooping are repeated. 

Where the bottom of the reservoir is of a porous 
nature, it should be puddled to make it retain water. 
Where clay is not available for puddle, all that is 
necessary is to cover the bottom with loam to the depth 
of 12 or 18 inches, and then puddle or work this well 
with water till it will allow none to percolate. This 
working, or puddling, may be done by turning a flock 
of sheep or a herd of cattle into the bed of tbe reser¬ 
voir to trample it well when wet. A similar practice 
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is followed in India. When it is required to make the 
bed of a reservoir water-tight, they keep it wet and 
turn buffaloes into it, as their treading effectually 
puddles the bottom, and prevents water being lost by 
percolation. 

In the construction of small reservoirs, and certainly 
of underground tanks, th5 use of concrete may be 
advisable. Common lime, properly slaked, and mixed 
with sand, if faced with cement,|will make admirable 
tanks. Portland cement is a double silicate of lime 
and alumina, made from the deposits'of chalk and 
alluvial clay on the shores of the rivers Thames and 
Medway, and possesses the property of setting and 
hardening under water. One barrel of Portland cement 
mixed with 16 gallons of water, if laid on half an inch 
thick, should cover 100 square feet of surface. One 
barrel of Portland cement and two barrels of clean sharp 
sand, mixed wdth 26J gallons of water, should cover 
219 square feet of surface to the same thickness ; and 
one barrel of cement and three barrels of sand, with 28 J 
gallons of water, should cover 285 square feet of sur¬ 
face. The composition of cement and sand may‘be 
used if allowed to set before water is lei into the work. 

The mode to be employed in filling the reservoir, and 
the best means of providing for overflow, will be sug¬ 
gested by circumstances. 

For drawing off the water from the reservoir, the em¬ 
ployment of one or more large syphons will probably 
be preferable to making an opening in the embank¬ 
ment. On a level surface the water may have to be 
raised by pump, in order to distribute it by gravitation. 



CHAPTER XV. 

RAISING WATEy-i BY MECHANICAL MEANS. 

In irrigation works of any great extent the question j 
of raising water by artificial means may be dismissed, 
as too expensive an undertaking for individual enter¬ 
prise. Where, however, circumstances favour a unified 
system of irrigation, and the scheme is generally 
adopted by landowners or occupiers, and carried out as 
a public work under proper control, it may be otherwise. 

In Egypt, for example, where some improvement of 
the present system is urgently called for, two schemes 
for improved irrigation by raising water by means 
of pumping are now under the consideration of the 
Government. The first of these, presented by the 
Minister of Public Works, proposes to fill the lesser 
canals during the dry season. The second proposal, 
which is favoured by the Public Works Company, is 
to keep the great summer canals perpetually full and 
to unify the canal system. The former project would 
be the less costly, and the amount requisite for it 
might, perhaps, be met by a slight increase in the 
land-tax on lands already watered, and a tax on lands 
expected to be reclaimed. In return, a partial ex¬ 
emption from the corvee would compensate the fella¬ 
heen from the increased burden. The latter scheme 
would call for a heavy outlay, but would abolish the 



ka'ising water by-mechanical means. 117 


corvee entirely; and, in the event of a deficit, the 
Government would endeavour to meet it by an extra¬ 
ordinary budget rather than impose a new water-tax. 
The experiment of artificially raising water by steam¬ 
pumping has already been tried in the province of 
Behera, with very,discouraging results; but this is 
attributed to the bad quality of the machines. Before 
sanctioning either scheme, the Government will, pro¬ 
bably, cause experiments to be ^ade in one or two 
provinces. 

‘ As already remarked, however, where irrigation is a 
work of individual enterprise, it cannot be practised 
with profit on an extensive scale, unless the water is 
delivered by gravitation,from an elevated canal, river, 
or impounding basin. As there are thousands of 
situations where the only source of water-supply is 
below the level of the land to be watered, the effect is 
practically to prohibit the artificial application of 
water to such lands on a large scale. 

It is different in garden culture, and in market- 
garden farms, where the area of land under cultivation 
is comparatively small, and the value of the produce 
is far greater than in ordinary farming. The diffi¬ 
culties in the way of raising a sufficiency of water for 
irrigating garden crops in dry weather are not so 
insurmountable ; and the expense will, in most cases, 
be amply repaid by the increased profits. 

For other purposes than irrigation—the wants of 
live-stock, for feeding engines, and driving machinery, 
and for domestic purposes—though the need of water 
is greater, it is required in smaller quantities; and the 
cost of raising it, when the source of supply is below 
the level of the place where it is to be used, is then a 
subsidiary consideration. 
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the lift and the quantity to be raised. Hand or’ 
animal power, steam, wind, and water, are all employed 
as motive-powers for this purpose; and the instru¬ 
ments for utilizing the power so used vary from the 
primitive rope and bucket to the water-ram and the 
steam-pump. 

For raising water fron! open wells, the rope and 
bucket is the most simple means. An improvement 
on the old mode of drawing b^ bucket is shown in 
Fig. 25, as designed and manufactured by S. Owen and 



Sons, London, in which a windlass is erected over the 
well, and two buckets are in use, one filling while the 
other is emptying. Where required, a self-tipping 
apparatus is provided, with a cast or wrought iron 
trough, into which the buckets discharge themselves as 
they reaph the surface. In Fig. 26, part of a series of 
troughs is shown connected together by short pieces of 
flexible or other pipe, so that any number can be filled 
for watering a large flock of sheep (as required in the 
Australian colonies, &c.), the man at the wheel keep- 
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ing at his work while the self-acting apparatus fills 
his troughs. This apparatus for raising water is also 
largely employed for deep wells in many parts of 



Fig. 27. 


England where pumps would be expensive, and the 
labour required to work them great. 

When a large and continuous supply of water has to 
be raised by this method, a pony or donkey may be 
employed to hoist the buckets. Oh the Continent, this 
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mode is practised successfully, and the pony is trained 
to work without attendance. 

TFell Pumps .—The pump, however, is a more con¬ 
venient instrument for raising water from wells than 
the rope and bucket. For low lifts, under 26 feet, 
the common suction, or lift pump, is sufficiently power¬ 
ful ; but for deep wells, force-pumps, or suction and 
forcing pumps, of the treble or double barrelled type, 
with valves in the buckets, and a^ additional retaining- 
valve for lifts over 100 feet, will have to be used. 
In these pumps the rods pass down inside the rising 
main pipes, which are of larger diameter than the 
working barrels, thus allowing of the buckets and valves 
being drawn up for repair through the pump-head or 
cover, which is fixed above the highest level to which 
the water is likely to rise under any circumstances. 
Without some such provision, access could not be 
, gained to the working barrels and lower valves should 
they become immersed, or where they are confined in a 
small bore hole. 

Fig. 27 represents a small steam-engine working a set 
of Warner & Sons’ treble-barrelled d*eep-well punfps. 
The same class of pumps can be furnished for water, 
wirui, horse, and even for manual power. 

Where only small supplies of water are needed, the 
question of raising it from deep wells by manual power 
is, however, so difficult to arrange, that small motors, 
of one or more horse-power, worked by gas or hot air, 
are commonly employed, especially in country houses. 
They are more economical than steam, and do not require 
skilled labour. 

Power required to raise Water from Peep Wells *— 
Appleby gives the following table of power required to 
raise water from deep wells by pumping :— 

a 
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Gallons of water raised i)er hour ... 

200 

360 

600 

650 

800 

1000 

Height of lift for one man, in feet 
„ „ „ donkey „ 

90 

61 

36 

28 

22 

18 

180 

102 

72 

56 

45 

36 

»> j> » horse ,, 

630 

357 

252 

196 

164 

126 

r» »i >» H.P. 1 

steam-engine ) ” 

990 

561 

396 

308 

242 

198 


A good high-pressure steam-engine should raise 
3,300 gallons 1 foot j high per minute per nominal 
horse-power; the friction of the pump being com¬ 
pensated by the excess of the indicated power over the 
nominal.* The power required depends, of course, on 
the height to which the water has to be raised. 

liulc for finding required Ilorsc-Powcr .—For calcu¬ 
lating the horse-power required to raise a given quan¬ 
tity of water to a given height, wc have this general 
rule; multiply the weight in pounds of water to be 
lifted in one minute by the vertical height in feet, and 
divide by 33,000. 

Example .—Find the horse-power that will be required 
to raise 2,000 gallons of water per minute to a height 
of 100 feet. 

A gallon of water weighs 10 lbs. Therefore 
2,000 X 10 X 100 33,000 = 00-60 H.-P. 

Many engineers add one-fifth for friction. This would 
bring the required horse-power in the example up to 
72-72. 

Cost of Pumping. —Mr. Fanning gives the following 
among other examples of the cost of pumping water in 
various American cities by steam-power and by water¬ 
power :— 


* Box, “ Oil Hydraulics.*' 
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Poimds 
of coal 
tLsed to 
raise 
one 

million 

gallons 

100 

feet 

x. 

« O O 

CO 1 lO 1 t 1 1 

1 iQ r— 1 1 1 1 

•-< <M !-.( CO 

Cost of 
raising 
one 

million 

gallons 

100 

feet 

dols. 

8-79 

11-27 

900 

30-38 

16-47 

2- 15 

1-16 

3- 59 

2-07 

Total 
cost of 
pump¬ 
ing one 
million 
gallons. 

dole. 

15-50 

•18-03 

10-81 

35-55 

27-18 

2-09 

1-33 

4-06 

3*42 

Cost of 
engine- 
man’s 
stores and 
supplies 
per 

miUion 

gallons. 

.r.- oscooco 

WOT 1 C<l 1— < CO CO CO CO CO 

^ 1 ' c^ .Ih 

Cost of 
repairs 
per 

million 

gallons. 

. .O r-( tH CO CO CO 

» ..*1 1 — 1 CO OT 1 1— • CO 

1.:. 1 ■ O, • ■ \ 

Wages 

of 

labour 

per 

million 

gallons 

. Cj.—ICO 1.-OOCD 

»co 1 looco ‘Olocor- 

,§co i-Hcoj>. 

Cost 
of coal 
per 

million 

gallons. 

. -H CO I—1 <-H CO 

4ST lilt 

CO CO CD 1 1 1 1 

1-^ f-H 1^ 

] 

Pounds' 
of coal 
per 

million 

gallons. 

CO no t'- ^ 

o 1 C5 Oa O 1 1 1 1 

1 O CO D4 1 1 1 1 

CO *-H «o 

Millions 

of 

gallons 

pumped 

during 

year. 

o CO O CO 

o CM 'M rs I—1 VO 

ODOTf^TMcb 0a3'!l<05 

OT CO lo ei i- CO cd I-- 

as'^Scoco cot^-d^oo 

C5 -d' ^ l-.. l-H M 

Lift in 
feet. 1 

1 

eo • _( 

t-» CD CD ^ -4UI F—1 CC» 

rN rH ^ 

CS 

Power 

employed. 

« 

S o 

^ g .... 

a 

9 o 

Sk Vh M px A ^ cs 

g > - " - vf “ - " 

a? K- 

City. 

Brooklyn, N.Y. . 

Jersey City, N.T. 

Chicago 

Indianapolis, Ind. 

Montreal 

Philadelphia 

New Haren 

Manchester . 

Montreal 


G 2 
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Centrifugal Pumps ,—For raising a large volume of 
water to a moderate height this class of pump is in¬ 
valuable. The limit to which it can be economically 
employed depends upon circumstances which are con¬ 
stantly varying. It is used to raise water to a height 
of 40 or 50 feet at times, but k best adapted to lifts not 
exceeding 25 feet. 

An advantageous arrangement is to work these pumps 

I 



by a portable engine, as not only can bofh the engine 
and pump be placed in any position most suitable for 
working, but when not required for raising water the 
engine can be easily detached, and applied to any work 
for which portable engines are adapted—such as sawing, 
threshing, grinding, &c. 

On low-lying lands an engine and pump of this class 
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is invaluable for draining, as well as irrigation pur¬ 
poses. The smaller sizes are adapted for being worked 
by horse-power or by bullocks. Fig. 28 shows a 
pump of this kind being worked by a horse. It is 
manufactured by Messrs. Hornsby & Sons, Limited, 
Grantham. 

The following table giVes the nominal horse-power 
required for the discharge of given quantities of water 
with lifts of 10 and 20 feet:— % 


Diameter of 
pipe. 

Gallons 
difechargcd per 
minute. 

Nominal 

II. r. required 
for a 10-foot 
lift. 

Nominal 

11 r. required 
for a 20 -foot 
hit. 

Inches. 

3 

100 

1 

2 

4 

200 


3 

6 

350 

2 

4 

6 

500 


5 

7 

750 

3 

6 

8 

1,000 

4 

8 

10 

1,500 

6 

10 

12 

2,300 

8 

14 

14 

2,800 

10 

IG 

15 

3,300 

12 

20 

18 

G,000 

20 

35 


Wind-Power .—The objection to windmills in drainage 
wqrks was, that this power was too variable to be relied 
upon for keeping the water down to a certain level. 
There can, howe.cr, be no such objection when wind¬ 
mills are employed to raise water from wells for irri¬ 
gation purposes, or for watering live stock, if storage 
reservoirs arc provided equal to, say, a wceVs supply. By 
this means the wind can be utilized whenever it blows, 
and none of the water is wasted. The windmill works 
night or day, as called upon by the passing breeze; it 
wastes no water, requires no fuel, and needs no attend¬ 
ance. There are few field-pumps that might not be 
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effectively worked by a email windmill, and a larger 
one will many times furnish a full water-supply for 
every purpose on the farm. Where water has to be 
raised for gardens, a windmill is indispensable. On the 
dry plains of the far West, too, where deep wells have 



Fig. 29. 


been sunk, but are r^ot self-flowing, the windmill is the 
only means of economically bringing the water to the 
surface, and of enabling stock-grazing to be carried on 
with success and profit. The wells may be many miles 
from the homestead, but a windmill-pump will keep up 
an unfailing supply of water without the daily attention 
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of the stockmaster, and at no cost for wages and fuel’. 
Fig. 29 represents a windmill working a well-pump, 
as erected by J. Warner & Sons, London. 

Self-regulating windmills are now made of two kinds. 
In one kind the circle of fans faces the wind at all times, 
but their angle to the wind is changed with its force. 
The other is the solid wheel,” the fans being all fixed, 
which swings round with its edge against the wind, 
when it becomes violent, by a lelf-regulating arrange¬ 
ment, which is partly effected by the centrifugal force 
•of weights, and partly by the direct pressure of the 
wind. In the former, the self-regulating contrivance 
is as follows: When the mill begins to run too fast 
it pumps water rapidly into a chamber or cylinder, and 
this increase of water moves an arm, which turns the 
fans edgewise to the wind. When the wind slackens, a 
reverse movement takes place. By these arrangements 
the mills are rendered perfectly safe even in a gale of 
wind. Both these forms are well adapted to farm pur¬ 
poses and pumping water for cattle. They are made of 
various sizes, and range in price from £10 to £200. 

Water-Power. —^Water, like wdnd power, is more 
economical than steam power for phmping purposes 
when it can be conveniently employed. Our illustra¬ 
tion (Fig. 30) shows an overshot water-wheel, by S. 
Owen & Sons, Loudon, working a set*of treble-barrelled 
pumps for the supply of a farm, &c., where a large 
quantity of water is required. In other cases, breast or 
undershot water-wheels may be employed, and they 
can be worked with any water that is available. Mr. 
Wheeler gives an instance of a water-wheel working 
treble-barrelled pumps, for the supply of pure water for 
a mansion, homestead, gardens, stables, &c., the motive 
power being sewage j and in another case, where the 
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water is taken from the duck pond, to pump pure water 
from the well. The wheels and pumps cost from £76, 
for supplying 1,700 gallons a day, through 1,200 feet 
of inch pipes, with 90 feet lift, the fall for working 



Fig. 30. 


the wheel being only 5 feet; to £133 for supplying 
1,200 gallons through 1,600 feet of piping, with 165- 
feet lift. Mr. Glutton states that the cost of fixing 
water-wheels 8 feet in diameter, in the neighbourhood 
of the Cotswold Hills, for the supply of farm promises 
and cottages, was from £55 to £70. 

Noria, or Persian Wheel. —Markham* thus describes 
the use of the Jltria (Fig. 31) in Eastern Spain, for 
raising water to irrigate terraced fields on different 
levels above the canal: “ These norias are of extreme 
antiquity, having been used in one form or another 
from time immemorial by Eastern nations. A deep 
channel is cut from the canal, over which a huge 
timber wheel is placed, upwards of 15 feet in diameter. 
By its side are two stone pillars supporting a cross-beam. 


* “ On Spanisk Irrigation.” 
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to the centre of which an upright beam is attached. 
This upright beam is the axle of a double wheel working 
horizontally, the two parts being joined by strong bat¬ 
tens which lock with cogs in the great wheel. A long 
pole is fastened to the upper part of the upright beam, 
to which mules are harnessed and driven round. They 
move round the horizontal wheel, the battens of which 
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lock with the cogs in the great wheel and turn it round. 
The great wheel is fitted with a succession of boxes 
round the circumference, w'hich fill when at the lower 
end of their revolution, bring the water up, and pour 
it into a trough leading into a channel. Thus the 
fields up to 15 feet above the level of the mother canal 
are irrigated. The upper channel brings the surplus 

G 3 
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water to another large wheel, which raises it in the 
same way to terraced fields at an elevation of 30 feet 
above the mother canal. The norias in Algiers and 
elsewhere are usually fitted with earthenware jars, 
instead of boxes round their circumference.” 

Ilydraulic Ram .—The imp^roved self-acting hydraulic 
ram is a highly useful and efficient apparatus, and is 
now much employed for raising water for such purposes 
as irrigating lands dhd supplying farm buildings. 

Fig. 32 shows its con¬ 
struction and principle of 
working. “ Its principal 
parts are the reservoir 
or air-chamber (a), the 
supply pipe {h), and the 
discharge pipe (c). The 
running stream rushes 
down the supply pipe (i), 
and striking the waste valve {d) closes it. The stream 
being thus suddenly checked, its momentum opens the 
valve (e) upwards^ and drives the water into the reser¬ 
voir (a) until the air within being compressed into a 
smaller space by its elasticity, bears down upon the 
water, and again closes the valve (e). The w’ater* in 
the supply pipe (h) has, by this time, expended its 
momentum and stopped running; therefore the valve 
(d) drops down again, and permits it to escape. It 
recommences running, until its force again closes the 
water valve (d), and a second portion of water is 
driven into the reservoir as before—so it repeatedly 
continues—the great force of the compressed air in the 
reservoir driving the water up the discharge pipe (c).” 
It works day and night without needing attention, and 
will raise water to any height or distance, without 
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cost for labour or motive power, where a few feet fall 
can be obtained. With the same quantity of water and 
fall to work it as the water-wheel and pump, the ram 
will send up double the quantity of water that the 
wheel will do, and to the same height. The ram is 
made in sizes to raise from 300 to 100,000 gallons 
per day, and will force fo a height of 1,500 feet. It 
raises a part of the same water that works it, or will 
raise pure water from a well ct* spring, whilst worked 
from a stream of impure water. Our illustration 
‘(Fig. 33) shows a ram, erected by Messrs. S. Owen 
and Sons, supplied by a fall of water from a lake, and 



forcing up to a farm at an elevation ] the waste water 
ex,pended in working the ram being carried off to a 
lower level and into the natural channel which the 
overflow of the lake finds for itself. It will work when 
quite immersed; its cost is small to begin with; it 
occupies but little space; and will work for years with¬ 
out once stopping or needing any repairs. 

The hydraulic ram is applicable where no more than 
18 inches fall can be obtained, but the greater the fall 
the more powerful the action of the machine, and the 
greater the elevation to which the water can be raised. 
If at all possible, a fall of 8 or 10 feet should be oh- 
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tained. At tlie same time it is not advisable to use a 
greater fall than is absolutely necessary to raise the 
required quantity of water to the desired height, as the 
ram is then subjected to an unnecessary amount of 
work, the wear and tear of all the parts is increased, 
and the durability of the whole is proportionately de¬ 
creased. 

The proportion between the water raised and that 
running to waste depefids mainly on the height of the 
spring or source of supply above the ram, relatively 
with the height to which the water is delivered. The 
quantity raised varies in proportion to the height to 
which it is conveyed with a given fall, and the length 
of the pipe through which the water is forced; the 
longer the pipe, the greater is the friction to be over¬ 
come. It is, however, not unusual to apply a ram for 
forcing water to a distance of 1,000 yards or more. 

If the ram is fixed at a reasonable distance from the 
point where the water is to be delivered, the fall neces¬ 
sary to deliver a given quantity is approximately as 
follows* :— ^ 

About one-seventh part of the water will be raised to 
five times the height of the fall, and so on in the same 
proportion. • 

Thus, if the ram be placed under a head or fall of 
10 feet, and the stream delivers 50 gallons per minute, 
about 7 gallons per minute can be raised to a height 
of 50 feet, or 3J gallons to a height of 100 feet; or, 
in other words, an efficiency of 70 per cent, is obtained. 
Some of the improved forms of ram show, we believe, 
considerably greater efficiency than this. 

•The ram should be fixed in a pit 2 or 3 feet deep, 
sufficient to protect it from frost, and a race should be 
• Appleby, “ Handbook of Machinery.’* 
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cut to convey the waste water away. The pipes should 
also be laid at such a depth in the ground that they are 
out of the reach of the severest frost. 

The cost of raising water by means of a hydraulic 
ram will depend on the quantity of water to he raised, 
the height to which it has to be forced, and the length 
of piping. Mr. Wheeler gives particulars of rams fixed 
for the supply of houses and gardens, varying from 
£92 10s., with a lift of 200*feet and 1,800 feet of 
piping, and yielding 1,400 gallons in 24 hours ; to £26 
for 273 feet of piping and 1,700 gallons. 



CHAPTER XVL 

WATER-SUPPLY Fi)R LIYE STOCK AND FOR 
AGRICULTURAL MACHINERY. 

In the earlier chapters of this work attention has been 
drawn to the need of water in the economy of plant life 
and growth, and to its use in irrigating land for the 
supply of those wants. The amount of water necessary 
for irrigation works may be greater than the require¬ 
ments for other agricultural purposes, but assuredly not 
more important. For the live stock of the farm the need 
of water is more urgent than for irrigation, and the 
dependence of live stock on artificial supplies is more 
incessant. Whether in the fields or in the yards, water 
is a first necessity ii^ summer, and also in the yards during 
winfifer. Only those who have had experience of stock- 
keeping on a large scale in waterless regions, where 
there is little or no rainfall during many months of the 
year, can realise the full importance of this part of our 
subject. The water-supply for agricultural engines is 
now only of secondary importance, and water-power for 
driving threshing or any other machines, if not an ab¬ 
solute necessity, is certainly a very great economy and 
advantage in many situations. 

Water for Stock in the Fields .—A supply of good 
water for stock during the summer months is an 
essential requisite in all pasture fields. Horses and 
cattle require on the average about five gallons each per 
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day, and a sheep about half a gallon per day in dry 
weather. On waterless formations, therefore, any means 
of rendering water easily come at does much to enhance 
the value of the land for grazing purposes. 

The plans usually adopted are either to sink deep 
wells or to form reservoirs or drinking-ponds. If a 
well is sunk in the corner of a field where two fences 
cross, one trough may be made to serve for watering 
the stock in four fields; and i^the well has plenty of 
water, pipes may be laid to carry part of it to other 
fields, which will be found cheaper than sinking more 
wells. When a pump is necessary, the water-trough 
for the stock should not be placed immediately under 
the pump-spout, but some feet distant, a piece of tubing 
being employed to convey the water. The pump itself 
should be fenced off so that cattle and horses cannot 
reach it. 

Millions of acres in Central Australia, which for 
years have been considered uninhabitable, have been 
turned into fertile country by the aid of artesian wells 
and catch-water reservoirs. The country in parts is 
fairly watered, but wells are everywhere necessai^ to 
supplement the supply from the creeks. Those squatters 
who recognise this fact are doing well. The most 
valuable run, Tarella station, carries 60,000 sheep, the 
owner having constructed eight dams, averaging 
10,000 cubic yards each, on the Bunker Creek. Not 
content with this, he sank three artesian wells at dif¬ 
ferent spots, one of which is sufficient for the require¬ 
ments of 20,000 sheep, whilst each of the others yields 
3,000 gallons of water a day. A new artesian well at 
Sale, with its overflow of 400,000 gallons of water a 
day, rising 12 feet above the surface, is a great success. 
The recent sinking of an artesian well by Mr. De 
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Renzil Wilson, on Tatara Run, near Curriwillinghi, on 
tile New South Wales side of the Queensland boundary, 
where at the depth of 200 feet a spring was tapped 
which forced itself to the height of 15 feet above the 
surface, and at the estimated rate of 500 gallons per 
minute, is even more successful. 

Field ponds answer very well in localities where no 
other means of coming at water for stock is available. 
These are simply email reservoirs or receptacles for 
collecting water, and are dug out of the ground. They 
are usually made circular in plan, and so situated that 
they furnish a supply to four fields. 

It need never be very difficult to make a pond in a 
clayey soil, which is itself retentive of water. Where 
ponds are made in a porous soil, much more care is neces¬ 
sary. The bottom and sides must then be covered with 
a thick coat of the toughest clay, from a foot to two 
feet thick, well rammed down. There is the greatest 
difficulty in finding water in chalky soils, because these 
are not in themselves very retentive of it, and generally 
lie in such beds that it is impracticable to dig through 
theiii. But even here ponds are easily made by digging 
into the chalk, and lining them with a coat of clay, as 
before directed. Some farmers judiciously pave the 
declivity by which the cattle approach the pond, and this 
renders it much more lasting than it would be, and pre¬ 
serves the water clean, while others pave the whole pond. 

There are different methods of constructing ponds, 
but the plan adopted is generally this: The ground 
plan is circular, and usually 40 or 45 feet in diameter, 
with a centre depth of about 5 feet. This hole being 
dug out, a layer of clay, sufficiently moistened, is 
trodden down to the depth of a foot. Upon this a 
layer of quick-lime, an inch or more in thickness, is 
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spread; and above that another layer of clay, a foot 
thick, is trodden and rammed as before. The use of 
the lime is to prevent worms penetrating through the 
clay in dry weather. A pond of the above dimensions 
will cost from £8 to £12. 

Formerly the price of making a pond 60 feet in 
diameter was £10. A cifcle 60 feet in diameter con¬ 
tains an area of 314 square yards; so that each square 
yard of surface cost at this rate f Jd. And the capacity 
of such a pond, 6 feet deep in Centre, is 209*4 cubic 
yards, each of which must have cost in the above in¬ 
stance 11 Jd. Five pounds have been given for a pond 
36 feet in diameter, which is 10|d. each square yard of 
surface; and supposing it 4 feet deep at the centre, 2s. 
each cubic yard. It is plain from these figures that 
the larger the pond the less in proportion is the expense. 

Water for Stock in the Yards ,—Where a supply can¬ 
not be drawn from springs or running streams, recourse 
should be had to deep wells or to rain-water tanks. 
Ponds and open watering-places about the farmyard 
are very objectionable, as the water in them is always 
more or less polluted from yard drainage and f»om 
trampling by cattle. In many places* driven or bored 
weys are now erected within the buildings, and even 
where the supply has to be brought a considerable dis¬ 
tance from running springs, the employment of pipes 
enables water to be laid on to every stall in the yards 
if necessary, and at a comparatively small cost. The 
“^boon of this can only be appreciated by those farmers 
who have tried it. J^ot only is less labour entailed in 
tending the stock, but the animals themselves thrive 
better than when they are driven out to drink in all 
sorts of weather, and left standing in the pond, or 
hanging about the yard-gates to catch a chill. 
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The roofs of all farm buildings are, or ought to be, 
spouted; and if the rain-water from the roofs is collected, 
it will in most cases be found more than sufficient not 
only for the supply of the farm stock, but also for 
threshing purposes. Hain-water from the roofs, if 
stored in cool brick tanks, will keep sweet and fresh for 
any length of time and in aiiy climate. We have pur¬ 
sued this plan in the tropics for a number of years, and 
though it was our only supply for domestic use, never 
had reason to complain of the water. Every 1,000 
square feet of roofing, with a rainfall of 32 inches, will 
yield over 16,000 gallons of water per annum; and as 
the buildings on an average farm afford at least four 
times that amount of roof surface, it is evident there 
need be no lack of water about the farmyard. At the 
above rate, 4,000 square feet of roofing would supply 
64,000 gallons of water per annum, or 175 gallons per 
day. But the consumption of water at the yards, on an 
average-sized farm, would be very much less than that. 
The cattle would be in the pastures all summer, and 
the horses also, perhaps; so that the summer con¬ 
sumption of water by live stock, in an ordinary farm¬ 
yard, would never be likely to exceed 50 gallons per 
day. The brick tanks or cisterns should bo large 
enough to contain a supply for eight months. Rain¬ 
water stored in barrels, especially open-headed barrels, 
is not fit for animals to drink, A plentiful supply of 
good water for live stock all through the dry summer 
weather, laid on both to fields and yards by supply pipes, 
troughs and ball cocks, instead of having to cart it very 
often from a distance, is so great a boon that no farmer 
would object to pay 5 per cent, on the necessary outlay. 

Water for Agricultural Machinery ,—Another reason 
for a good water supply to every field is the increasing 
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use of steam power in cultivating the soil. Every acre’ 
of land cultivated by steam requires about 100 gallons 
of water for engine use. A 20-acre field requires 2,000 
gallons. The convenience, not to say the economy, of 
having this supply at hand in the field itself is very 
great. On all recently laid-out farms, where steam cul¬ 
tivation has been introduced, much attention has been 
given to this point'. Where springs, brooks, or drink¬ 
ing ponds arc not accessible at %very site likely to be 
occupied by the engines in cultivating an entire farm, 
tanks or wells should be provided. A tank placed in a 
corner where four fields meet would usually serve for 
all the fields, as in the case of a drinking pond so 
placed. 

On the majority of farms, where the fields are tile- 
drained, the drainage-water may be led into tanks or 
cisterns and stored in sufficient quantity, not only for 
the use of the engines employed in steam cultivation, 
but also for watering the live stock, and sometimes 
even for working a water-wheel or turbine. Messrs. 
Howard, on their Bedfordshire farm, have so planned 
the drainage that it supplies a tank or pond at every 
point occupied by the engine'engaged in tilling any part 
of J)he farm ; and at the farmyard a reservoir has been 
excavated in the clf’y which holds half a million gallons 
of water. Extensive application of drainage-water has 
also been made on the estates of Lord Hatherton, in 
Staffordshire. In this case several ponds are used for 
Storing the water, which is first carried to the farm¬ 
yard and employed to drive a water-wheel which does 
all the threshing, &c-, in addition to driving a saw¬ 
mill. After this, the water is passed to meadows on a 
lower level, where it is used in extensive and profitable 
irrigation. 



CHAPTER XVIL 

WATEli-SUPPLY TO DWELTJNGS. 

Important thougli it is to secure a good supply of 
water for irrigating crops, for watering live stock, and 
for driving machinery, the wants of the farmhouse 
itself, and of the cottages, are, in this respect, still 
greater. Water is one of the prime necessaries of life, 
and should be not only abundant but good. It is 
estimated that an adult consumes, on an average, about 
half an ounce daily for each pound weight of the body: 
therefore, a man weighing 150 pounds will require 75 
ounces daily; about 50 ounces in drink and the re¬ 
mainder in the food. Unless, at the same time, the 
waier consumed is good, a perfectly healthy condition 
of the system cannot be maintained ; and it is well 
known that disease, in some of its most 'dangeijous 
forms, is often introduced through the agency of bad 
water. Of course large supplies of water must be 
provided for domestic purposes beyond the quan¬ 
tities actually necessary to be consumed in food and 
drink. 

Quantity required .—“The minimum quantity that is 
sufficient for the supply of a cottage or small farm¬ 
house, for all ordinary domestic purposes, may be taken 
at 13f gallons per day, allowing 5J persons as the 
average number to a house, and gallons for each 
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person. This, of course, gives no margin for water-’ 
closets, baths, or other similar luxuries, which belong 
only to a Jarger class of dwelling. This quantity may 
appear small; but, having made extensive inquiry 
amongst cottagers and others, I found sufficient 
evidence to satisfy myself that it was the full quantity 
that was used when the water had to be baled or 
pumped from a tank, and not left to run to waste from 
a tap. Mr. Easton, in his evidence before the Select 
Committee on the Public Health Amendment Act of 
1*878, stated that, as the result of his experience and 
inquiries amongst cottagers in Sussex, he was satisfied 
that this quantity was sufficient. Colonel Cox put the 
quantity at 3 gallons a day, and the other witnesses 
agreed with the estimates of Mr. Easton and Colonel 
Cox, some even putting it at less. In the Sixth 
Eeport of the llivcrs Pollution Commissioners is 
.given an instance of four cottages, provided with a 
tank, in which the rain-water was collected from the 
roofs—one of the inhabitants being a laundress, who 
used a large quantity of water, and another feeding a 
number of pigs. The size of this tank was ba^rely 
sufficient to give 10 gallons a day !o each cottage; 
yet.it is stated that it had never failed to maintain a 
sufficient supply. 

“ The large quantity used in towns—varying from 
20 to 30 gallons a head—is due partly to manufac¬ 
tories, street watering, and flushing sewers; but, 
principally, to waste. This is proved by the fact, that 
towns supplied by meter do not average more than 7 ‘ 
gallons a head ; and by the test applied to several 
streets in Brighton, where it was found that the supply 
did not average more than 4f gallons a head, although 
the number of persons to a house would be above 
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the average, and water-closets and baths be freely 
used/'* 

Professor Eankinef gives as a fair estimate of the 
daily demand for water, per inhabitant, for different 
purposes, the following, based upon British water 
supply and consumption :— 

Imperial gallons por day. 

Least. Average. Greatest? 

Used for domestic purposes ... 7 10 15 

Washing streets, extinguishing fires, sup¬ 
plying fountains, &c. .... 3 3 3 

Trade and manufactures ... 7 7 7 . 

Waste under careful regulations, say .2 2 2 } 

Totals .... 10 22 27^ 

Sources of Supply. —Water, as ordinarily used for 
drinking purposes, is obtained from either springs, 
wells, lakes, or rivers, or from stored rain-water or land 
drainage. Where none of the other sources are avail¬ 
able, the rain-water falling on the roofs of the houses, if 
collected, filtered, and stored in underground tanks, will 
furnish an ample and perfectly good supply. 

Granting,’’ says Mr. Wheeler, “ that 2i gallons per 
head per day is enough for all the ordinary domestic 
requirements of a cottage, sufficient rain falls on tho 
roof of every house in the course of a year, if propurly 
stored, to yield a full supply. A cottage with its out¬ 
buildings covers about 500 square feet of ground. 
Taking the rainfall at 22 inches per annum, the quan¬ 
tity that may be relied on as an average in the driest^ 
districts of the country, a slated roof will yield 5,700 
gallons—nearly equal to a daily supply of 15J gallons, 
or rather more than 2J gallons per head. Tiled roofs 

* Mr. Wheeler, C.E., “ Universal Conforcfnce on National Water- 
Supply,” 1879. 

t “Civil Engineering.” 
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would yield less than this, being more porous than 
slates. Thatched roofs may be considered as altogether 
unsuitable for the collection of rain-water, from their 
absorbent nature, the difficulty of providing spouting, 
and the chance of pollution from the organic matter in 
the decaying straw.’’ 

. Where rain-water from the roofs is the only supply, 
the minimum size of the tanks to be provided becomes 
an important question. It is*usually reckoned that 
the impounding tanks or reservoirs should contain four 
months’ supply in the rainy districts and six months’ 
supply in the dry districts of England. Thus a tank 
for a cottage, where the daily consumption is 14 gallons, 
would require to hold from 1,680 to 2,548 gallons. 

At the Reading Meeting of the Royal Agricultural 
Society of England last year, Mr. C. G. Roberts, Hasle- 
mere, Surrey, exhibited a very ingenious apparatus for 
. collecting pure rain-water from the roofs of buildings. 
The apparatus, which is entirely self-acting, consists of 
a separator, the function of which is to reject the bad 
and store the good w^ater, by preventing the first portion 
of the rainfall (which washes and brings down 
the roof or gutters all kinds of impurifics) from passing 
int^> the storage tank. The first water from the roofs 
when a shower ful^s is directed into the waste-pipe; then 
the separator cants, and turns the pure water into the 
storage tank. An illustration of this apparatus appears 
in the Journal of the Society, vol. xviii., part 2. 

Imjmrities in Water .—Water may bo very good for 
irrigation purposes and yet utterly unfit for household 
use. The most wholesome waters, as a rule, are spring 
water, deep-well water, and upland surface water; and 
the most dangerous ones are river water, to which 
sewage gains access, and shallow-well water. Stared 
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rain-water, especially that gathered in large towns and 
cities, where smoke from innumerable chimneys taints 
the air, and the surface water from cultivated land, are 
of “ doubtfulquality. 

Rain-water is more pure than any other water before 
its descent, and it is only in large towns or cities where 
it becomes contaminated by atmospheric impurities, and 
is rendered unfit for use in the condition in which it 
falls. It is generally termed so/?, in contradistinction 
to spring water, which is considered hard. The soft¬ 
ness, which consists in a solvent action upon the fatty 
substance of the skin, is owing to a small amount of 
carbonate of ammonia, which is formed in the atmo¬ 
sphere and precipitated with the w'ater. 

, Spring water and deep-well water, when impure, are 
usually so from the excess of inorganic matter, with 
which occasionally they rise highly charged. These 
admixtures are derived from the ground through which 
the water flows. The incrustations which form in steam 
boilers are caused by the precipitation of the impu¬ 
rities, in consequence of the concentration of the water 
in.’4he boiler. T^hcy may be effectually removed, no 
matter what thf^ir nature, by boiling charcoal in the 
water, or by gently heating the water and filtering, it 
through charcoal. 

Pond water and shallow-well water is often full of 
animalcula, sewage, vegetable matter, sediment, &c. 

The water from mountain streams and rivulets is 
always purer than that from low grounds, because the 
water from high lands runs rapidly, and generally over 
gravelled beds. River water from low grounds is 
generally rendered impure by the presence of organic 
matter generated in sewers and drains, and thence dis¬ 
charged. Almost every gallon of such water contains 
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a quantity of spores, seeds, or ova of vegetable and 
animal organisms, and if a bottle of it is allowed to 
stand bj^for a short time a sediment is thrown down 
in which a number of creatures will be discovered by 
the microscope. "Water of this sort is unwholesome 
and dangerous, whether contains the actual carriers 
of disease or not. 

Filtration .—In all towns w|ierc water-works exist 
the water supplied has already undergone filtration 
through sand and gravel, which is the only plan avail¬ 
able for companies dealing with such immense quantities 
of water. One square yard of filter-bed should be pro¬ 
vided for each 700 gallons required in 24 hours, and 
the filter-bed should be 6 feet in total depth, composed 
as follows: 30 inches of fine sand, 6 inches of coarse 
sand, 6 inches of shells, 30 inches of gravel. Perfo¬ 
rated pipes should traverse the bottom of filter-beds to 
. collect the filtered water, and the fine sand forming the 
top stratum should be frequently renewed. 

The sand and gravel filter, however, is not sufficient, 
nor has it the power to remove a deal of the anir^al- 
cula and other injurious matters often»contairied in the 
water. River water thus filtered may be none tlie less 
unwholesome because it is made clearer. Every one 
knows that the liquid evacuations of both men and 
animals is often clear, and can be readily passed through 
a stratum of coarse sand, but the liquid is not less free 
i&’om sewage after being so passed. This filtration at 
best can only be looked upon as a means of removing 
the grosser impurities. It is therefore imperative that 
the water should undergo another and more complete 
filtering process before it can be considered fit for 
prinking, such as passing it through certain media 
which have the power of thoroughly purifying the 

II 
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water by oxidizing tbe organic matter and changing 
chemically the impurities in solution. 

The Registrar-General most stronglj’’ rpcommends 
the adoption of a system of domestic filtration, every 
consumer employing upon his own premises suitable 
means to purify the water ^required for his use. He 
also recommends that householders should obtain real 
water purifiers, and pot mere strainers. The old- 
fashioned system of passing water merely through balls 
or slabs of charcoal, or material which has the appear¬ 
ance of being charcoal, worked into a solid form, is for 
the most part useless for the proper filtration of water. 

The best filters are constructed entirely with pure 
charcoal, and remove lead, lime, and sewage from water. 
They are also self-cleansing. 

In Fig. 34 we have an illustration of Lipscombe^s 

Self - cleansing 
Charcoal Cis¬ 
tern Filter. The 
drawing repre¬ 
sents a filter and 
pure water re¬ 
servoir inside 
an ordinary 
house cistern, 
but they may 
bo modified to 
suit any cistern or tank above or under ground. Tho 
impure water passes through the inlet into chamber of 
filter, thence upwards through a plate, usually of porous 
stone, represented by the dotted line, then through 
powerful purified charcoal into the pure water reser¬ 
voir, from which it may he drawn off cold by the pure- 
water tap, or hot and pure from the boiler. 
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Bed-work irrigation, 34, 35, 37, 87 

Beet, 21 

Bored tube wells, 98, 103 

QABBAGE, 21, 27 

Canal irrigation, 91 
Canals, 15 

Capacity of reservoirs. 112 
Carolina rice, 66 
Catchment basin, 109 
Catch water reservoirs, 16, l09 
tanks, 15 

'Catch-work irrigation, 42-44, 73, I 
89 

Cement for tank” and reservoirs, 
116 

Centrifugal pumps, 124 
Chain pumps, 80 
Charcoal filters, 146 
Cheltenham sewage, 77 
Circumstances favouring irriga¬ 
tion, 14 


Cistern filter, 146 
Clear water, 24 
Conductors, 37 

Construction of reservoirs, 112 
Control of water, 1 
Cost of irrigating land, 87 
making ponds, 137 
making wells, 106, 108 
pumping,* 122 
warping, 86 
Cotton, 31 

Craigentinny meadows, 74 
Crops ada[)ted for irrigation, 20 
Croydon sewage farm, 76 
Cultivation of irrigated land, 64 
lice,^8 

Cutting grass on water-mea&ows, 
57 • 

J)AXaEllOUS water, 143,147 
Deep-well water, 144 
Definition of irrigation, 1 
Depth of rainfall, 109 
Distillation of water, 96 
Distributor for attaching to liquid- 
manuro carts, 80 
" Doubtful ” waters, 144 
Drainage area, 109 

boundarj’^, 109 

Drainage in connection with irri¬ 
gation, 7 

Drainage water for irrigation, 17 
Drawing well water by buckets, 
118 

Driven tube wells, 98 
Drought, 2 
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JJFFECT of drainage on water 
supply and floods, 96 
Efibcts of irrigation on soil, 4 
of irrigation on vegetation, 
5 

of warping, 84 

Evaporation from plants, 2, 3 

J?IELD pumps, 135 

Filling a reservoir, 115 
Filter beds, 145 
Filtration, 145 6 

f’lax, 32 

“ Flowing ” wells, 98, 103 
Formation of water-meadows, 36 
Fruit grounds, 27, 31 

Q-AEDEN' engines, 61, 81 
Gardens, 27, 32 
Gathering-ground, 109 
Grain crops, 21, 32 
Grass meadows, 27 
Grasses, 21, 32 

U JJAIID” water, 25, 144 
Hatches, 41 
Hemp, 31 
Hop syringe, 52 
Hydraulic ram, 130 

XMPqVERISlllKO effects of 
irrigation, 8 

Impurities in water, 143 
Incrustation in boilers, ] 14 
Indigo, 27, 31 
Influence of climate, 20 
of situation, 18 
of tillage in mitigating 
drought, 0 

of vegetation on rainfall, 92 
Irrigation by pipes and hose, 48 
by surface pipes, 50 
Irrigation in Colorado, 11 
in England, 13 
HO 

France, 12 
Italy, 12, 29 
Madras, 12 
Spain, 29, 32 
theory and effects, 1 


JjAYING-up meadows, 66 
Leguminous plants, 21 
Light manures dissolved in water 
25 

Inquid-manure cart - tW 
manuring, 78 
Lucerne, 21, 27 


ADDER, 21, 27 
Management of irrigate 
arable lands, 60 
Management of g^ass lands, 63 
Measurement of rainfall, 109 
Modes of irrigating, 34 
Moisture in soils, 2 
Muddy waters, 24 

■^EED of irrigation not inces¬ 
sant, 1 

Noria, or Pex'sian wheel, 128 
Nozzle for shower irrigation, 60 
Number of waterings, 26, 29, 32 


oats, 27 

Object of irrigating, 27 
Olives, 32 
Open welD, 98, 107 
Overshot wheel working pumps, 
128 


pADDY, 65 

“ Pane” system, 73 
Peas, 27 
Pines, 32 
Pond water, 144 
Ponds, 136 
Potatoes, 32 

Power required to raise water 
from deep wells, 21 
Practical advantages of irriga¬ 
tion, 11 

Prairie irrigation, 2 


QUANTITY of water required 
for dwellings, 140 
for irrigation, 23, 26 
live stock, 134 
steam cultivation, 139 
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T5AINFALL, 92 

Bain water, 143, 144 
Bain-water tanks, 138, 143 
Baising 116 

Beading sewage farm, 76 
Beasons for irrigation, 2 
Bepaira to water-meadows, 68 
Besorvoirs, 15, 109, 116 
Bice, 22, 27, 31, 65 
irrigation, 66 
Biver water, 25, 144, 145 
Bomford sewage farm, 74 
Boof water, 138 
Bope and bucket, 119 
.Bye-grass, 21, 27, 69 

gAND and gravel filter, 145 
Seasons for warping, 83 
Sewage irrigation, 72 
sickness, 78 

Shallow well water, 144 
Side irrigation, 47 
Silting, 82 

1 Site of reservoir, 111 
Sluices, 41 

“Soft” water, 25, 144 
[ Soils adapted for irrigation, 18 

and situations for warping, 
85 

storUe from lack of water, 2 
Soot water, 81 

Sources of water-supply, 92, 142 
Spring feeding, 66 
water, 144 
Springs, 14, 93, 103 
Storage of drainage water, 139 
Streams, 14 


Sub-irrigation, 46 
Sugar-cane, 21, 27, 31 
Swamp irrigation, 65 
Syphon, 115 
Syringes, 51 

tests of water, 26 

Theory of irrigation, 6 
Time of watering, 63 
Tobacco, 27, 31 
T^jmips, 21, 27 

'^ABPING, 82 

Water-bearing strata, 93 
Water-carts, 51, 52 
Watercress, 22, 70 
Water for dwellings, 140 
irrigation, 23 
live stock, 134 
machinery, 134, 138 
steam cultivation, 139 
stock in the fields, 134 
stock in the yards, 137 
in plants, 2 
power, 127 
supply, 14 

Watering arable land, 60 
Watershed, 109 
Well irrigation, 91 
pumps, 121 
Wells, 16» 

and well-sinking, 98 
Wheat, 27,*31 
“Wholesome” waters, 143 
Wind power, 125 
Wooden “stop,” 42 


THE END. 
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FARM ROAbS, FENCES, AND 
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By PROFESSOR JOHN SCOTT. 

Being the Third Volume of the Farm Engineering 
Text-Books. 

COXTENTS. 

Chap. 

1. Farm Boai>s. 
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229 . ELEMENTARY DECORATION: as appliedthe Interior 

and Exterior Decoration of Dwelling-Houses, Sec, ByJ. W. Facky. 2 s. 

257 . PRACTICAL HOUSE DECORATION. A Guide to the Art 

of Ornamental Painting, the Arrangement of Colours in Apartments, and 
the Principles of Dccoralive Design. With Keraaiks on the Nature and 
Properties of Pigments. By James Iff. Facky. a.s. 6d, 

*,* The iiao precedtns' Works, in One handsome Vol., half-bound, entitled ” House 
Decoration, Elementary and Practical,” price 5s. 

230 . HANDRAILING. Shojying New and Simple Methods for finding 

the Pitch of the Plank, Drawing the Moulds, Bevelling, Jointing-up, and 
.Squaring the Wreath. By George Coi lings. Plates and Diagrams, is. 6d, 

247 . BUILDING ESI A TES: a Rudimentary 'Treatise on the Develop¬ 

ment, Sale, Purchase, and Gene.ral Management of Building Land. By 
Fowl er Maitland, Surveyor. Second Edition, revised, as. * 

248 . PORTLAND CEMENT FOR USERS. By Henry Faija, 

Assoc. M, Inst. C.E. Second Edition, corrected. Illustrated. 2$. 

252 . BRICKWORK: a Practical Treatise, embodying the General 

and Higher Principles of Bricklaying, Cutting and Setting, &C. By F. 
Walker. Second Edition, Revised and Enlarged, is. 6d. 

23 . THE PRACTICAL BRICK AND TILE BOOK. Comprising: 
i8q. Brick and Tile Making, by E. Dokson, A.I.C.E.; Practical Bkicklay- 
252. ING, by A. Hammond ; Brickwork, by F, Walker. 550 pp. vrith 270 Illus¬ 
trations. 6s. Strongly half-bound. 

253 . THE TIMBER MERCHANT'S, SAW-M/LLER*S, AND 

IMPORTER’S FREIGHT-BOOK AND ASSISTANT. By Wm. Rich¬ 
ardson. With a Chapter on Speeds of Saw-Mill Machinery, &c. By 
M. Powis Bale, A.M.lnst.C.E. 3s.t 

258 . CIRCULAR WORK IN CARPENTRY AND JOINERY. 

A Practical Treatise on Circular Work of Single and Double Curvature. 
By George Coli ings, Author of “ A Treatise on Handrailing,” 2s. 6d. 

259 . GAS FITTING: A Practical Handbook treating of every 
Description of Gas Laying and Fitting. By John Black. With 122 Illus¬ 
trations. 2s. 6 d.t ‘ 

261 . SHORING AND ITS APPLICATION: A Handbook for the 

Use of Students. By George II. Blagrove. is. 6d. [fust published. 


SHIPBUH-DING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51 . NAVAL ARCHITECTURE. An Exposition of the Elementary 
Principles of the Science, and their Practical Application to Naval Construc¬ 
tion. By J. Peake. Fifth Edition, with Plates and Diagrams. 3s. 6d.} 

53 *. SHIPS FOR OCEAN &‘Riy£R SERVICE, Elementary and 

Practical Principles of the Construction of. By H. A. Sommerfhldt. is. 6^. 

^3**. AN AIL AS OF ENGR A VINGS to Illustrate the above. Twelve 

large folding plates. Royal 4to, cloth. 7s. 6d. 

54 . MASTING, MAST-MAKING, AND RIGGING OF SHIPS, 

Also Tables of Spars, Rigging, Blocks; Chain, Wire, and Hemp Ropes. 
&;c., relative to every class of vessels. By Robert Kipping, N.A. 2s. 

54 *. IRON SHIP-BUILDING. With Practical Examples and Detail*. 

By John Grantham, C.E. sth Edition. 4s. 

The 4 indiiates that these vols. may be had strong-ty bound at 6d, extra. 
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Shipbuilding, Navigation, Marine Engineering, etc., cont. 

55 . TUB SAILORSS SEA BOOK: a Rudimentary Treatise on 
Navigation. By James Greenwood, B.A. "With numerous Woodcuts and 
Coloured Plates. New and enlarged edition. Hy W. H. Rosser, zs, 6d.t 

80 . MARINE ENGINES AND S7EAM VESSELS. By Robert 

Murray, C.E, Eighth Edition, thoroughly Revised, with Additions by the 
Author>^d by George Carlisle, C.h., Senior Surveyoi to the Board of 
Trade, L>iRbrpool. 4s. 6d. limp; 5s. cloth boards. 

THE FORMS OF SHIPS AND BOATS. By W. Bland. 

Seventh Edition, Revised, with numerous Illustrations and Models, is. 6d. 

99 . NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Prof. J. R. liouNG. New Edition, zs. 6d. 

106 . SHIPS’ ANCHORS, a Treatise on- By G. Cotskll, N.A. is. 6 d. 
149 . SAILS AND SAIL-MAKING. With Draughting, and the Centre 
of Effort of the Sails; Weigh.ts and Sizes of Ropes; Masting, Rigging, 
and Sails of Steam Vessels, 8cc. izth Eflftion. ByR. Kipping, N.A. zs 6d.t 

155 . ENGINEER’S GUIDE TO THE ROYAL (Sr* MERCANTILE 

NAVIES. By a Practical Engineer. Revised by D. F. M'Carthy. 3s. 

.55 PRACTICAL NAVIGATION. Consisting of The Sailor’s 

& Sea-Book. By James GuKENwrion and W. H. Rosser. Together with 
the requisite Mathematical and Nautical Tables for the Working of the 
Problems. J 3 y H. Law, C.E., and Prof. J. R. Young. 7s. Half-bound. 

AGRICULTURE, GARDENING, ETC. 

bi*.A COMPLETE READY RECKONER FOR THE ADMEA- 
Sl'REMENT OF LAND, &c. By A. Arman. Third Edition, revised 
and extended by C. Norris, Surveyor, Valuer, &c. zs. 

131 . MILLER'S, CORN MERCHANT'S, AND FARMER’S 
READY RECKONER. Second Edition, with a Price List of Modern 
Flour-Mill Machiiicrj', by W. S. HuxroN, C.E, zs. 

140 . SOILS, MANURES, AND CROPS. (Vol. i. OUTLINES OF 

Modern Farming.) ByR. Scott Burn. Woodcuts, zs. 

141 . FARMING FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2.Outlines of Modern Farming.) By R. Scott Burn. 31. 

142 . STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3 , 

Outlines op Modern Farming.) By R, Scott Burn. Woodcuts, zs. 6d. 

145 . DAIRY, PIGS, AND POULTRY, Management of the^ By 

R. Scott Burn. (Vol. 4. Outlines op Modern Farming.) zs. 

146 . UTILIZATION OF SEWAGE, iArIGATION, AND 

RECLAMATION OF WASTE I.AND. (Vol. s. Outlines op Modern 
> Farming.) By K. Scott Burn. Woodcuts, zs. od. 

Nos. 140-1-2-5-6, tn One Vol., handsomely half-bound, eniitled “ Outlines OB 
Modern Farming.” By Robert Scott Burn, Price izs. 

177 , FRUIT TREES, The Scientific and Profitable Culture of. From 
the French of Du Breuil. Revised by Geo. Giknny. 187 Woodcuts. 3s. 6d.1f 
198 . SHEEP: THE HISTORY, STRUCTURE, ECONOMY, AND 
DISEASES OF. By W. C. Spooner, M.R.V.C., Ac. Fourth Edition, 
enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 

’201. KITCHEN GARDENING MADE EASY. By George M. F. 

Glknvy. lllustiated. is, 6d.I 

207. OUTLINES OF FARM MANAGEMENT, and the Organic 

zation of Farm Labour. By R. Scot r Burn, zs, 6d.t 

2 0 8 . outlines OF LANDED ESTATES MANAGEMENT. 

By R. Scott Burn, zs, 6d4 

»• Nos. 207 A* 208 in One Voi., handsomely half bound, eniitled Outlines OB 
Landed Estates and Farm Management,” By R. .Scott Burn. Price 6 s. 

7 'he ♦ indicates that these vols. may be had strongly bound at bd. eiitra. 
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Agriculture, Gardening, etc., continued. 
ao 9 . THE TREE PLANTER AND PLANT PROPAGATOR. 

A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood, as.t 

210 . THE TREE PRUNER. A Practical Manual on the Pruning of 

Fruit Trees, including also their Training and Renovation; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel ,1^00, ss.t 
Nos. 209 S' in One Vot., handsomely half-hound, entitled “The Tree 
Planter, Provaoator, and Pruner.” By Samuel Wood, Price $s. 

2 i 8 . the HA Y AND STRA IV MEASURER : Being New Tables 

for the Use of Aucttoneers, Valuers, Farmers, Hay and Straw Dealers, &c. 
By John Steele. Fourth Edition, li. 

222 . SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prof. John IJ^onaluson and R. Scott Burn. 3s. 6d.t 

231 . THE ART OF GRAFTING AND BUDDING. By CHARLK.S 

Balibt. With Illustrations. 2s. 6 d .2 

232 . COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Cardens. By £. Hobday, is. 6d. 

233 . GARDEN RECEIPTS. Edited by CHARLES W. Quin. is. 6 d. 

234 . THE KITCHEN AND MARKET’ GARDEN. Compiled 

by C. W. Shaw, Editor of “ Gardening Illustrated.” 3s.t 

23 a DRAINING AND EMBANKING. A Practicjl Treatise, em- 

bodying the most recent experience in the Application of Improved Methods. 
By JOHN Scott, late ProfesSor of Agriculture and Rural Economy at the 
Royal Agricultural College, Cirencester. With GS Illustrations, is. 6d. 

240 . IRRIGA TION AND TVA TER SUPPL Y. A Treatise on Water 

Meadows, Sewage Irrigation, Warping, &c.; on the Construction of Wells, 
Ponds, and Reseivoirs; and on Raising Water by Machinery for Agricul¬ 
tural and Domestic Purposes, By Prof. John Scott. With 34 lllus. is. 6d. 

241 . FARM ROADS, FENCES, AND GATES. A Practical 

Treatise on the Roads, Tramw.Tys, .ind Waterways of the Farm; the 
Principles of Enclosures; and the different kinds ot Fences, Gates, and 
Stiles. By Professor John Scott, With 75 Illustrations, is. 6d. 

242 . FARM BUILDINGS. A Practical Treatise on the Buildings 

r> necessary for various kinds of Farms, their Arrangement and Construction, 
inrludmg Plans aiyi Estimates, By Prof. John Scott. With 105 Ulus. as. 

243 . BARN IMPLEMENTS AND MACHINES. A Practical 

Treatise on tht Application of Power to the Operations of Agriculture; and 
on various Machines used in the Threshing-barn, in the Stock-yard, and ia the 
Dairy, &c. By Prof. J. Scott. With 123 Illustrations. 2s. 

244 . FIELD IMPLEMENTS AND MACHINES. A Practical 

Treatise on the Varieties now in use, with Principles and Details of Con- 
struction^heir Points of Excellence, and Management. By Professor John 
Scott. With 13S Illustrations. 2s. 

245 . AGRICULTURAL SURVEYING. A Practical Treatise on 

Land Surveying, Levelling, and Setting-out; and on Measuring and Esti¬ 
mating Quantities, Weights, and Values of Materials, Produce, Stock, &c. 
By Prof. John Scott. With 62 Illustrations, is. 6d. 

JVos. 230 to 245 in One Vol., handsomely half-hound, entitled “The Complete 
Text-I^ook of Farm Engineering.’' By Professor John Scott. Price X2S. 

250 . MEAT PRODUCTION. A Manual for Producers, Distributors, 

8 tc. By John Ewart. 2s. 6d.t 

83ir The i indicates that these vols. may be had strongly bound at &d. exien. 
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MATHEMATICS, ARITHMETIC, ETC. 

32 . MATHEMATICAL INSTRUMENTS, a Treatise onTheir 


tion, m 1 voi,, Illustrated. 2s.t ” [Justpublished. 

In orderi^ Hie above,be careful to say. " Original Rdth'on ** I A'o. 32), iodistin- 
gutsk it from the Enlai-ged Edition in 3 voh. (Nos. 168-9-70.) 

76, DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 

with a Theoiy of Shadows and of Perspective, extracted from the French of 
G. Monc.b. To which is added, a description of the Principles and Practice 
of Isometrical Projection. Hy J» F. Hkaiher, M.A. With 14 Platc-S. is. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constnictintf Fiffiires contained in one Plano and Geoinetrical Con¬ 
struction of the Ground. By (. F. Uka^hkk, M.A. With .>15 Woodcuts, as. 

83. COMMERCIAL BOOK-KEEPING. With Commeidal Phrases 

and Forms in English, French, Italian, and German. By Jamks Haddon, 
M.A., Arithmetical Master of King’s College .School, London, ts. 6d. 

• 84. ARITHMETIC, a Rudimentary Treatise on: with full Explana¬ 
tions of Its Ihcoretical Pnnciples, and numerous Examples lor Practice. By 
Professor J. R. Young. JHeventh Edition, is, 6 d, 

84*'. A Key to the ahove, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for 'the Use of 
Teachers and Una.ssisted Le.arners. By J. R. Young, is. 6 d. 

85. EQUAlZONAL ARITHMETIC, applied to Questions of Interest, 

Annuities, Life Assurance, and General Commerce ; with various Tables by 
which all Calculations may be greatly facilitated. By W. Hii'si.ey. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A. 

With Appendix, containing miscellaneous Investigations, and a Collection 
of Problems in various parts of Algebra. 2S. 

86*. A Kky and Companion to the above Bfiok, foiming an extensive repository of 
Solved Examples and Problems in Illustration of the vanous Expedients 
necessary in Algehiaual Operations. By J. R. Young, is. 6d. 

88. EUCLID, The Elkment.s OF : with many additional Propositions 

89. and Explanatory Notes; to which is prefixed, an Introductory Essay on 
Logic. By Hknry Law, C.E. is.Cd.i 

.^'old also separately, vis. ;— 

88. Euclid, The First Three Books. By Henry Laav, C.E. is. 6d. 

89. Euclid, Books 4, 5, 6, ii, 12. By Henry Law, C.E. is. 6d. • 

90 . ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

By James Hann, A New Edition, by Professor J. K. Young. 2s.t 

gi. PLANE TRIGONOMETRY, the Elements of. By James 

• Hann, formerly Matlu-matical Master of King’s College, London, is. 6d. 

92. SPHERICAL TRIGONOMETRY, Uie Elements of. By James 

Hann. Revised bj Charles H. Dowling, C.E, is. 

Or with “ The Elements of Plane Trigonometry," in One Volume, is. 6d. 

93. MENSURATION AND MEASURING. Wiih the Mensuration 

and Levelling of Land for the Purposes of Modem Engineering. By T. 
Baker, C.E, New Edition uy E. Nugent, C.E. Illustrated, is. 6d. 

»oi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

WooLHOUSK, E.R.A.S., &c. is, 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homrrsham Cox, B.A. Illustrated, is. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By Jambs Haddon, M.A. Revised by A. Arman, is. 6d. 

137, A Key to Haddon’s Rudimentary Arithmetic. By A. Arman, is. 6d. 

^ (^T 2'ke t indicates that these vols. may be had strongly bound at 6d, extra. 
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169. 


170. 


Mathematics, Arithmetic, etc., continued. 
ififS. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing—I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Hbathbr, M.A. Illustrated, is. 6d 
OPTICAL INSTRUMENTL Including (more especiaUy) Tele¬ 
scopes, Microscopes, and Apparatus for producing copies spf^aps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. 6d. 

. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including—I. Instruments Used for Determining the Geometrical Features 
oi a portion of Ground. 11 . Instruments Employed in Astronomical Observa¬ 
tions. By J. F. Heather, M.A. Klustrated. is. 6d. 

•»* The above three volumes form an enlargement of the Authafs original tvorh, 
" Matbematical Instruments." \See No. 32 in the Series.). 

MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > A. Enlarged Edition, for Pie most part entirely re-written. The 3 Parts as 

170. ' a love, in One thick Volume. With nutnerons Illustrations. 48. 6d.t 

. 58 . THE SLIDE RULE, AND HOW TO USE IT; containing 
lull, easy, and simple Instructions to perform all Business Calculations with 
nncxampled rapidity and accuracy. By Charles Hoars, C.fi. Fifth 
Edition. With a Slide Ride in tuck of cover. 2s. 6d.$ 

THEORY OF COMPOUND INTEREST AND ANNUL 

'1 lES; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, Stc, By KfnoR Titoman. as.i 

THE COMPENDIOUS CALCULATOR ; or, Easy and Concise 

Methods of Perforiring the various Arithmetical Operations required in 
Commercial and Business Transactions; together with IJseful Tables. By 
D. O’Gorman. Twenty-sixth Edition, carefully revised by C. NOKRIS. 3s., 
cloth limp; 3s. 6d., strongly half-bound in leather. 

*04. MATHEMATICAL TABLE.S, lor Trigonometrical, Astronomical, 

and Nautical Calculations; to which is prefixed a Treatise on Logarithms, 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By Prof. J, R. Voitno, New Edition, as.t 
LOGARITHMS. With Mathematical Tables for Trigonometrical, 
Astronomical, and Nautical Calculations. By Henry Law, M.Inst.C.E. New 
and Revised Edition. (Formingpart of the above Work). 3s. 

MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 

TJON. 9 , and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., F.S.R. Sixth Edition. 2s4 
MATHEMATICS AS APPLIED TO THE CONSTRUC¬ 
TIVE ARTS. Illustrating the various processes of Mathematical Investi¬ 
gation, by means gf Arithmetical and Simple Algebraical Equations and 
Practical Examples. By Francis Campin, C.E. Second Edition. 3s.t 


196. 


199. 


204 


221 . 


227. 


PHYSICAL SCIENCE, NATURAL PHILO*- 

SOPHY, ETC. 

1. CHEMISTRY. By Professor George Fownk.s, F.R.S. With 

an Appendix on the Application of Chemistry to Agriculture, is. 

NAT ORAL PHILOSOPHY, Introduction to the Study of. By 

C. Tomlin.son. Woodcuts, is. 6d. 

6. MECHANICS, Rudimentary Treatise on. By CHARLES Tom¬ 

linson. Illustrated, is. 6d. 

7. ELECTRICITY ; showing the General Principles of Flectrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S., Stc. With Additions by R. Sabine, C.E., F.S.A. is. 6d. 

7 *. GALVANISM. By Sir W. Snow Harris. New Edition by 

Robert Sabinb, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin¬ 

ciples of Magnetical Science. By Sir W. Snow Harris. Now Edition, 

revised b y H. M. Noap, Ph.D. W ith 165 Woo dcutp. 3s. Cd .4 _ 

7 he t mdtrates that these svls. mnv be had stronglv horrnti at (ut, extra 

’ ~ . p i .I , , 
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Physical Science, Hatural Philosophy, etc., continued. 

11. THE ELECTRIC TELEGRAPH; its History and Progress; 

With Descriptions of some of the Apparatus. ByR. Sabinb, C.E., F.S.A. js. 

12 . PNEUMATICS^ including Acoustics and the Phenomena of Wind 

Currents, for the Use of Beginners By Chablbs Tomlinson, F.R..S. 
Fourth Edition, enlarged. Illustrated, is. 6d. [ywf/ published, 

72 . MANU!&i OF THE MOLLUSCA ; a Treatise on R.ecent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 
Appendix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 
Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 

96 . ASTRONOMY. By the late Rev. Robert Main, M.A, Third 

Edition, Uy William Thynnb IAnn, B.A., F.R.A.S. as. 

97 . STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hj'dro<it.itics, Hydrodynamics, and 
Central Forces. By T. Bakbk, C.E. Eouith Edition, is. 6d. 

138 . TELEGRAPH, Handbook of the; a Guide to Candidates for 

Employment in the Telegraph Service. By R. Bond. 3s.* 

173 . PHYSICAL GEOLOGY, partly based on Major-General PoRT- 

* lock’s "Rudiments of Geology.” By Ralph Tate, A.L.S.,8cc. Woodcuts. 2s. 

174 . HISTORICAL GEOLOGY, partly based on Major-General 

Porti.ock’s "^Rudiments.” By Ralph Tate, A.L.S., &c. Woodcuts. 2S. 6d, 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on M^'or-General Portlock’s " Rudiments of 
174. Geologry.” By Ralph Tatb, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 

183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 

& formerly Professor of Natural Philosophy and Astronomy in University 
I 8 a College, Loud. With 520 Illustrations. In One Vol. 7s. 6d., cloth boards. 
•** Sold also tn Two Paris, as follows :— 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.—VTT. 4E. 

184. Animax Physics. By Dr. Lardner. Part II., Chapters VIll.—XVIII. 3s. 


FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By George Pynh. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 

GLASS. From the German of Dr. Gbssfrt tnd Emanuel Otto From- 
BKKG. With an Appendix on The Art op Enamelling. 2s. 6d. * 

69. MUSIC, A Rudimentary and Practical • Treatise on. With 

numerous Examples. By Charles Child Spencer. 2S. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exfir- 
* cises & Lessons from the Best Ma.iters. By Charles Chiuj Spencer. js.6d. 
b9-7i. MUSIC THE PIANOFORTE. In one vol. Half bound, 5s. 
i8l. PAINTING POPULARL Y EXPLAINED, including Fresco, 

Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic. .Miniature, 
Painting on IVory, Vellum, Pottery, Enamel, Glass, See. Witu Historical 
Sketches of the Progress or the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Fifth Edition, revised and enlarged. 5S.2 

1*86. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Eield. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A, 
Davidson. With two new Coloured Diagrams, 8tc. 3s. t 

246 . A DICTIONARY OF PAINTERS, AND HANDBOOK FOR 

PICTURE AMATEURS; including Methods of Painting, Cleaning, Re- 
hning and Restoring, Schools of Painting, 8cc. With Notes on the Copyists 
and Imitators of each Master. By Philippe Daryl. 2S. 6 d.I 

The t indicafes that these vols. may be had strongly bound at td. extra. 
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INDUSTrTaLD USEFUlTaRTS. 

. 33 . BRICKS AND TILES, Rudimentary Treatise on the Manufac¬ 
ture of. By E. Dobson, M.R.l.B.A. Illustrated, 35.3 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentapr Treatise 
on. By S]r Edmund Bkckktt,LL.D.,Q.C, Seventh Edition, revised and en* 
larf^ed. 4s. 6d. limp; 5s. 6d. cloth boards. 

83**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, and Edited by Charlks ToMUrtfeON, F.R.S. as. 6d. 
162. THE BRASS FOUNDER'S MANUAL; Instructions for 
Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 
Bionzing, &c. With copious Receipts. Stc. By Walter Graham, as.t 

20$. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badbnoch. Illustrated with ¥2 full-page Engravings of Examples, is, 
215 . THE GOLDSMITH'S HANDBOOK, containing full Instruc¬ 
tions for the Alloying and Working of Gold. By Gbokge E. Gee, 3s.t 

225. THE S1LVERSM1TJ('S HANDBOOK, containing full In¬ 
structions for the Alloying and Working of .Silver. By Grougk E. Ghe. 3s.t 
The iim pretedhtf; Wbrhv, in One handsome I’d., hnlf-Lound, eniitlcd “The 
Goldsmith's & .Sit vnwsMirn’s CoMPLiait Handbook,’' ^s. 

249. THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED. By George E. Gkk. 35.4 
224. COACH BUILDING, A Practical Treatise, Historical and 
Descriptive. By J. W. Burgess. 2s. 6d.t 

235. PRAC2TCAL ORGAN BUILDING. By W. E. Dickson, 

M.A., Precentor of Ely Cathedral. Illustrated. 2s. 6d.t 

262. THE ART OF BOOT AND STIOEMAKING, including 

Measurement, 'Last-fitting, Cutting-out, Closing and Making. By John 
Bedford Lend. Numerous Illustrations. Second Edition. 2'.t 

263 . MECHANICAL DENTISTRY: A Practical Treatise on the 

Construction of the Vi.rious Kinds ot Artificial Dentures, with Formulae, 
Tables, Receipts, &c. By Charles Hunter. Ihird Edition. 3 $,4 

MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE^ 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHAE¬ 
OLOGY, ihe FINE ART'S, A-r. By John AVkaik, Fifth Edition. Revised 
by Robert Hunt, F.R.S. Illustrated. 5s. limp ; 6s. cloth boards. 

50. THE LAW OF CONTRACTS FOR WORKS AND SER¬ 
VICES. By Daviiv Gibhons. Third Edition, enlarged. 3S.4 

112 .* MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. A Family Guide in all Cases of Accident'and Emergency. 2s.4 

112*. MANAGEMENT OF HEALTH. A Manual ot Home and 

Personal Hygiene. By the Rev. James Baird, B.A. is. 

150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6 d. * 

(53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDE RSI AND/NG. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. 2s. 

157. THE EMIGRANTS GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION. Bv Major 

W. W. Knoilvs, P.R.G.S. With 163 Woodcuts. 35.4 

194, THE HOUSE MANAGER: Being a Guide to Housekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, &c. By An Ori> Houskkeepbr. 3s. 6d.t 

f94» HOUSE BOOK {The). Comprising:—1. The House Manager. 

II2 & By an Old Housekeeper. IT. Domestic Medicine. By R. Gooding, M.D. 

112* HI. Management of Health. By J. Baird. In One Vol., half-bound, 6s. 

I'he 4 indicates that these vets, may be had strongly bound at 6d. extra. 
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WEALlfS EDUCATIONAL AND CLASSICAL ^EIES. 


EDTJCAUON Al AUD ClASS ICAI. SEEIES. 

HISTORY. 

I. England, Outlines of the History of j more especially M^ith 
reference to the Origin and Progress of the English Constitution. By 
"WiMJAM Douglas Hamilton, F.S.A., of Her Majesty's Public Kecord 
Office. 4th Edition, revised. 55.; cloth boards. 6s. 

5 . Greece, Outlines of the History of; in connection with the 

Rise ^ the Arts and Civilization in Europe. By W. Douglas Hamilton, 
of University College, London, and Edwako Lbvibn, M.A., of Ballio) 
College, Oxford, ss. 6 d.; cloth boards, js. 6 d. 

. 7 . Rome, Outlines of the History of; fiomthe Earliest Period 

to the Christian Era and the Conirnenceinent of the Decline of the linipire 
By Edward Lhvirn, of Balliol College, Oxford. Map, 2s. 6d.; cl. bds. 3s. 6d. 
9 . Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the F^sent 'i'lme. The Continuation by 
W. D. Hamilton, F.S.A. 3s.; cloth boards, 3s. 6d. 

50. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinatious. By the Rev. £. Rand. is,. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 

II. Grammar of the English Tongue, Spoken and Written. 
With an Introduction to the Study of Comparative Philology. By Hvdi 
Clarkk, D.C.L. Fourth Edition, is. 6d. 

II*. Philology : Handbook ol the Comparative Philolo^? of English, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or I'latt Dutih, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, F rencli, Spanish, and 
I Portuguese Tongues. By Hvde Clarkk, D.C.L. is. 

* 12 . Dictionary of the English Language, as Spoken and 
Written. Containing above 100,000 Words. By Hyde Clarke, D.C.L. 
3S. 6d.; cloth boards, 4s 6d.; completewith the Grammar, cloth bds., 48 . 6 d. 

48 . Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnam. 
. 17th Edition. IS. 6d. 

49 . Derivative Spelling-Book: Giving the Origin of Every Word 

from the Greek, I.atin, S^xon, German, Teutonic, Dutch, French, -Spanish, 
and other Languages : with their present Acceptation and Pronunciation. 
By J. Rowboiham, F.R.A.S. Improved Edition, is. 6d. 

51 . The Art of Extempore Speaking : Hints for the Pulpit, the 

Senate, and the Bar. By M. Bautain, VicMr-Gtneral and Professor at the 
Sorbonne. Translated from the French, at'i ICdition.carelully corrected. 2s.6d. 

52 . Mining and Quarrying, with" the Scicfices connected there¬ 

with. E'lrst Book of, for St bools. By J. H. Collins, E'.G.S., Lecturer to 
the Miners’ Association of Cornwall and Devon, is. 

5 3 . ^Places and Facts In Political and Physical Geography, 

• for Candidates in Examinations. By the Rev. Edgar Rano, _B.A. is. 

54 . Analytical Chemistry, Qualitative and Qaanritative, a Course 

of. To which is prefixeo, a BriofTreatise upon Modern Chemical Nomencla¬ 
ture and Notation. By Wm. W Pink and Gborgh li. Webster. 2s. 

THE SCHOOL MANAGERS’ SERIES OF READING 

BOOKS, 

Ed 4 ed by the Rev. A. R. Grant, Rector of Hitcham, and Honorary Canon of Ely; 

foimerlv H.M. Inspei tor of Schools. 

Introductory Primer, 3 </. 

^ r. 

First Standard , .06 Fourth Standard . . . i » 

Second „ . . o 10 Fifth „ ... 1 6 

Third „ . . I o Sixth „ ...16 

Lessons from the Bidlb. Part I. Old Testament, is. ^ 

Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton Forster, is. 2d. *„* Or the Two Parts in One Volume. 2t. 
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14 WEALl’S EDUCATIONAL AND CLASSICAL S*£KXKS. 


FRENCH. 

2 .\. French Grammar. With Complete and Concise Rules on the 
Genders of French Nouns. By G. L. Strauss, Pb.D. is. 6d. 

25. French-English Dictionary. Comprising a large number oi 

New Terms used in Engineerings, Mining, &c. By Alprbd Elwss. is. 6d. 

26. English-French Dictionary. Alfred Elwes. as. 
*5,26. French Dictionary (as above). Complete, in One Vol., 3 *.; 

cloth boards, 3s. 6 d. Or with toe Grammar, cloth l^at'ds, 4s. 6d. 

47. French and English Phrase Book : containing Intro¬ 
ductory Lessons, with Translations, several Vocabularies of Words, a Col¬ 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 


GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyso’s Theoretical and Practical Grammar, by Dr. G. L. Strauss, is. 6d. 

40. German Reader : A Senes of Extracts, carefully culled from the 

most approved Authors of Germany; with Notes, Philological and Ex¬ 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By N. E. S, A. Hamilton. 

In Three Parts. Part I. German-French-English. Part II. Englisb-Ger- 
man-French. Part III. French-Gcniian-English. 3s., or cloth hoards, 4s. 
41-43 German Triglot Dictionary (as above), together with German 
& jg. Grammar (No. 39), in One Volume, cloth hoards, 5s. 


ITALIAN. 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

oi Exercises. By Alfred Ei wks. is, 6d. ,• 

28 . Italian Triglot Dictionary, wherein the Genders of all the/ 

Italian and French Nouns are carefully noted down. By AU'RED Elwbs. 
Vol. I. Italian-English-French. 2S. 6 d. 

30. Italian Triglot Dictionary, By A. Elwes. Vol. 2. 

F.nglish-French-Italian. zs. 6d. 

32 . Italian Triglot Dictionary. By Alfred Elwes. Vol. 3. 

French-Italian-English. zs, 6d. 

28 , 30 , Italian Triglot Dictionary (as above). In One Vol., 7 s. 6 d. 

3Z. Cloth boaids. 

SPANISH AND PORTUGUESE. 

31;. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exencises. By Alfred Elwes. is. 6d. 

35. Spanish-EngUsh and English-Spanish Dictionary. 

Including a lar^^e number of Technical Terms used in Mining, Engineering, Ac., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, ss. Or with the Grammar, cloth boards, 6s. 1 

55, Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Eiwks. is. 6d. 

56. Portuguese-English and English-Portuguese Dic¬ 

tionary. Including a large number of Technical Terms used in Mining, 
Engineering, 8tc., with the proper Accents and the Gender of every Noun. 
By Alfred Elwes. 5s.; cloth boards, 6s. *»* Or with _the Grahmav. 
cloth boards, 7s, 


HEBREW. 

46*. Hebrew Grammar. By Dr. Bsesslau. is. 6d. 

44. Hebrew and English Dictionary, Biblical and Rabbinical; 
containing the Hebn w and Chaldee Boots of the Old Testament Post- 
Kabbinicm Writings. By Dr. Brksslau. 6s. 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44«4b. Hebrew Dictionary (as above), Two Vols., complete, with 
46*. the Grammar, cloth boards, izs. _ 
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LATIN. 

19 . Latin Grammar. Containing the Inflections and Elementary 
, Principles of Translation and Construction. Hy the Rev. Thomas Gooowi'n. 
M.A., Head Master of the Greenwich Proprietary School, is. 6d. 

26 . Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. ss. 

22 . English-Latln Dictionary; together with an Appendix of 

Fren^ Italian Words which have their orig-in irom the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6 d. 

50,22. Latin Dictionary (as above). Complete in One Vol., 3 s. 6 d. 
cloth boards, 43. 6d. %* Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes in English, 

1. Latin Delectus. Contaifiing Extracts from Classical Authors, 

witti Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6 d. 

2 . Caesaris Cominentarii de Bello GaJlico. Notes, and a Geographical 

Register for the Use bi Schools, by H. ^OUNG. as. 

3 . Cornelius Nepos. With Notes, By H. Young, is. 

4 . Virgllll Matoms Bucolica et Georgica. With Notes on the Buco- 

, lies by W. Rushton, M.A., and on the Georgies by H. Young, is. 6 d. 

5 . Virgilii Maronis .^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved With copious Addi¬ 
tional Notes by Rev. 1 . H. L. Lkarv, D.C.L., lormerly Scholar of Brasenose 
College, Oxtord. 3s. 

5 * ——— Parti. Books i,—vi., IS, 6 d, 

-Part 2. Books vii.—xii., 2S. 

6 . Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, is. ud. 

7 . Horace; Satires, Epistles, and Ars Poetica. Notes by W. Brown* 

rigo Smiih, M.A., F.R.G.S. is. 6d. 

8 . Sallustii Cnspi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, by W. M. Donnb, B.A., Trin. Coll., Cam. is. 6d, 

9 . Terentii Andria et Heautontimorumenos. With Notes, Critical 

ana Explanatory, by the Rev. Jamhs Davies, M.A. is. 6d. 

10 . Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2s. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12 . Ciceronis Oratio pro Sexto Roscio AnSerino. Edited, witji an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev, 
Jambs Davies, M.A. is. 6d. * 

13 . Ciceronis Orationes in Catilinam, Verrem, et pro Archia. 

With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
• T. H. L. Lbarv, D.C.L. lormerly Scholar ot Brasenose College, Oxford. 
is. 6d. 

14 . Ciceronis Cato Maior, Laclius, Brutus, sive de Senectute, de AmU 

citia, de Clans Oratoribus Dialogi. With Notes by W, Brownrigg Smith, 
M.A., F.R.G.S. 2S. 

16 . Livy J History of Rome. Notes by H. Young and W. B. Smith, 

M.A. Part t. Books u, u., is. 6d. 

.16*, ——— Part 2. Books iii., iv., y., is. 6d. 

17. - Part 3. Books XXI., xxii., IS. 6d. 

19 . Latin Verso Selections, trom Catullus, Tibullus, Propertius, 

and Ovid. Notes by W. B. Donne, M.A., Trinity College, Cambridge, as. 

20. Latin Prose Selections, irom Varro, Columella, Vitruvius, 

beneca, Ouintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto¬ 
nius, Apiueius, Ac. Notes by W. B. Donne, M,A. 2s. 

21 . Juvenalis Sattrae. With Prolegomena and Notes by T. H. S. 

ErSCOTx. B.A., lecturer on Logic at King's College, London, as. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo 
lopcal Keseaicbes of the most eminent Scholars of our own day. By Hans 
C aAODB Hamilion. is. 6d. 

15,1;. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By Hbnrv R. 
Hamiiton. Vol. I. Greek-English, is. 6d.; Vol. 2 . English-Greek, 22 . Or 
tlie Two Vols. in One, 4s. 6d.: cloth boards, ss. « *' 

14,15. Greek Lexicon (as above). Compleie, with the Grammar, in 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in English. 

I. Greek Delectus. Containing* Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. VouNO. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John 
HmciiisON, M.A., of the High School, Glasgow, is. 6d. 

X, 3. Xenophon’s Anabases ; or, The Rciieat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part 1. Books i. to iii., 
IS. Part 2 . Books iv. to vii., is. 

4. Lucian’s Select Dialogues. The Text carefully revised, witlt 

Grammatical and Explanatory Notes, by H, Young, is. 6d. 

5-12. Homer, The Woiks of. According to the Text of Baeumlein. 

With NoU*s, Critical and Explanatory, drawn Irom the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lkarv, M.A., D.C.L. 

Thb Imad ; Parti. Books i. to Ti.| is. 6d. Part 3. Rooks xiii. to xviii., is. 6d, 

Parti. Booksvii.toxii., is.6d. Part 4. Books xix. to xxiv., is. 6d. 

The Odyssey: Parti. Books i. to vi., is. 6d Part 3. Books xin. to xviii., is. 6d. 

Parti. Booksvii.toxii., IS. 6d. I Part 4. Books xix. to xxiv., and 

I Hymns, is. 

13. Plato’s Dialogues; The Apology of Socrates, the Crito, and 
the Phacdo. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. is. 

14-17. Herodotus, The History of, chiefly alter the Text of Gaisford. 

With Pieliminary Observations and Appeniliccs, and Notes, Critical and 
Explanatory, by T. H. L. I.karv, M.A., D.C.L. 

Part I. Jfooks i.j ii. (The Clio and Kiitenie). as. 

Part I. Books iii., iv. (Ihe lhaba and ^Ie'lpomene), is. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 9 S, 

Part 4. Books viii., ix. ('Die Urani.a and Calliope) and Index, is. 6d. 

18. Sophocles: CEd^pus Tyiannus. Notes by H. Young, is. 

20.C Sophocles: Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, H.A. is. 

*3. Euripides: Hecuba and Medea. Chiefly fioin the Text of Din- 

noRF. With Notes, Critical and Explanatory, by W. Brownrigg Smith, 
M.A., F.R.G.S. lb. 6d. 

26. Euripides: Alionis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milner, R.A. is. 6d. 

30. vEschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. aEschylus : Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Eldited, with English Notes, Critical and Ex¬ 
planatory, by the Rev. Jambs Davies, M.A. is. 

40. Aristophanes: Achamians. Chiefly from the Text of C. H. 
Weisb. With Notes, by C. S. T. Townshend, M.A. is. 6d- 

41 Thucydides: History of the Peloponnesian War. Notes by 

Young. Book i. is. 6d. j " 

42 Xenophon’S Panegyric on Agesilaus. Notes and Intro. 

duction byLL. F. W. Jewitt. is. 6d. _ 

43. Demosthenes. The Oration on the Crown and the Philippics. 
With English Notes. By Rev. T. H. L. Leary., D.C.L., formerly Scholar ol 
Braxenosl College, Oxford, is. 6d._ ' 
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MECHANICS, MECHANICAL ENGINEEBINC, etc. 


Netv Manual for Practical Engineers, 

THE PRACTICAL ENGINEER'S HAND-BOOK. Comprising 
a Treatise on Modern Engines and Boilers, Marine, Locomotive and Sta¬ 
tionary. And containing a large collection of Rules and Practical Data 
relating to recent Practice in Designing and Constructing all kinds of 
Engines, Boilers, and other Engineering work. The whole constituting a 
comprehensive Key to the Board of Trade and other Examinations for Certi¬ 
ficates oi Competency in Modern Mechanical Engineering. By Walter S. 
Hutton, Civil and Mechanical Engineer, Author of “The Works’ Manager’s 
Hand-book for Engineers’’ &c. With upwards of 370 Illustrations. Second 
Edition, Revised with Additions. Medium 8vo, nearly 500 pp., price 18s, 
Strongly bound. [Just published. 

This work is designed as a companion to the Author’s “Works’ 
Manager’s Hand-book.*’ It possesses many new andorigtnal features, and con¬ 
tains, like its predecessor, a quantity of matter not originally intended for publica¬ 
tion, but collected by the author for his own use in the construction of a great variety 
of modern engineering work. 

The information is given in a condensed and concise form, and is lUustraied by 
upwards of Woodcuts; and comprises a quantity of tabulated matter ^ great 
value to all engaged in designing, constructing, or estimating for Engines, Hoilers 
and, OTHER Engineering Work. 

%* Opinions of the Press. 

“ We have kept It at hand for several weeks, referring to it as occasion arose, and we have not 
on a single occasion consulted its pages without iinduig the information of which we were in quest." 
— Athe/ieeum. 

“ A thoroughly good practical handbook, which no engineer can go through witliout learning 
semetliing that win be of service to him."— Marine Engineer, 

An excellent book of reference for engineers, and a valuable text-book for students ot 
engineering."— Scotsman, 

'* This valuable manual embodies the results and experience of the leading authorities on 
mechanical engineering."— Building News, 

“ The author has collected together a surprising quantity of rules and practical data, and has 
shown much judgment in the selections he has made. . . . There is no doubt that this book is 
one of the most useful of Its kind published, and will be a very popular compendium."— 

'* A mass of information, set down in simple language, and in such a form that it can be feasUy 
referred to at any tfane. The matter is uniformly good and well chosen, and Is greatly etucidated 
by the Uhtstratioss. The book will find its way on to most engmeers’ shelves, where it will rank as 
one of the most useful books of reference."— Engineer. 

** Fun of useful information, and should be found on the ofllce shelf of ail practical eng^eeis." 
—English Mechanic, 
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^andhooh for Works? Managers, 

THE WORKS' MANAGER'S HANDBOOK OF MODERN 
RULES, TABLES, AND DATA. For Engineers, Millwrights, and Boiler 
Makers; Tool Makers, Machinists, and Metal Workers; Iron and Brass 
Founders, &c. By W. S. Hutton, Civil and Mechanical Engineer Author 
of “ The Practical Engineer’s Handbook.” Third Edition, carefully Revised, 
with Additions. In One handsome Vol., medium 8vo, price . Strongly bound. 

13 ' The Author having comptled Rules and Data for his own use in a great 
variety of modem engineering work, and having found his notes extremely useful, 
decided to publish them—revised to date—believing that a practical work, suited to 
the DAILY REQUIREMENTS OF MODERN ENGINEERS, would be favourably received. 

In the Third Edition, the following am<Aig other additions have been made, viz.: 
Rules for the Proportions of Riveted Joints in Safi Steel Plates, the Results of Experi¬ 
ments by Professor Kennedy for the Institution of Mechanical Engineers—Rules 
for the Proportions of Turbines—Ei^es for the Strength of Hollow Shafts of Whit¬ 
worth's Compressed Steel, h-c. 

Opinions of the Press. 

*' The author treats every subject from the point of view of one who has collected workshop 
notes for application in workshop practice, rather than from the theoretical or literary aspect. The 
voItiDie contains a great deal of that kind of information which is gamed only by practical experi¬ 
ence. and is seldom written in books."—Ungineer. 

"The volume is an exceedingly useful one, brimful with engineers’ notes, memoranda, and 
rules, and well worthy of being on every niechanic.'il engineer's booksbolV'—MecHanicAl U'orlti. 

"A formidable mass of facts and figures, readily accessible .through an elaborate index 
. . , , Such a volume will be found absolutely necessary as a book of reference la all sorts 
of ‘works'connected with the metal trades.”— Ryland's'Iron Trauies Circular, 

“ brimful of useful information, stated m a concise form, Mr. Hutton's books have met a press¬ 
ing want among engineers. The book must prove extremely usetuj to every practical man 
possessing a <M^y.''—Pracltial hngineer. 

The Modernised Templeton,’^ 

THE PRACTICAL MECHANIC'S WORKSHOP COM¬ 
PANION. Comprising a great variety of the most useful Rules and Formulae 
in Mechanical Science, with numerous Tables of Practical Data and Calcu¬ 
lated Results for Facilitating Mechanical Operations, By William Temple¬ 
ton, Author of "The Engineer’s Practical Assistant,” &c. &c. Fifteenth , 
Edition, Revised, Modernised, and considerably Enlarged by Walter S. 
Hutton, C.E., Author of “The Works' Manager’s Handbook,” “The 
Practical Engineer’s Handbook,” &c. Fcap. 8vo, nearly 500 pp., with Eight 
Plates and upwards of 250 Illustrative Diagrams, 6r., strongly bound for 
workshop or pocket wear and tear. 

VSP Templeton’s “ Mechanic’s Workshop Companion ” has been for more 
that.- a quarter of a century deservedly popular, and, as a recognised Text-Book and 
well-worn and thumb-marked vade mecum of several generations of intelligent 
and aspiring workmen, it has had the reputation of having been the means of raising 
many of them, in their position in life. 

In conaguence of the lapse of time since the Author’s death, and the great 
advances tn Mechanical Science, the Publishers have thought it advisable to have it 
entirely Reconstructed and Modernised • and in Us present greatly Enlarged and 
Improved form, they are sure that it will commend itself to the English workmen of 
the present day all the world over, and become, like its predecessors, their indispens¬ 
able friend and referee. 

A smaller type having been adopted, and the page increased in size, while the 
number of pages has advanced from about 330 fo nearly 500, the book practically eon- ' 
tains double the amount of matter that was comprised tn the original work. 

Opinions of the Press. 

* ‘ la Its modernised fonn Hutton's ‘ Templeton ’ should have a wide sale, for It contAins much 
valuable information which tlie mechanic will often iind of use, and not a few tables and notes which 
be might look for in vain m other works. This modernised edition will be appreciated by an who 
have leanied to value the original editions of ‘ Tempkton.’ "—Pug-lisA Mtchante. 

" It has met with great success m the engineering workshop, as we can testify; and Hieie are 
a great many men who, in a great measure, owe their rise in life to this little book.' '—Building News. 

" This familiar text-book—well known to all nieclianics and engineers—is of essential service to 
the every-day requirements of engineers, millwrights and the various trades connected with 
engineering and building. The new modernised eaitioii is worth its weight in gold.”—.AWfAYini'' 
Nncs (Second Notice) 

" Tlie publishers wisely entru-sted the task of revision of this popular, valuable and useful book 
to Mr, Hutton, than whom a more competent man they could not have found."—/ro». 
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V Stone-worMng Machinery, 

STONE-WORKING MACHINERY, and the Rapid and Economi¬ 
cal Conversion of Stone. With Hints on the Arrangement and Management 
of Stone Works. By M. Powis Bale, M.I.M.E., A.M.I.C.E. With numerous 
Illustrations. Large crown 8vo, 9s. cloth. 

"The book should be ia the hands of every mason or student of stone’WOrk."—Coilie*y 
GunrdtoH. • 

" It is In every sense of the word a standard work upon a subject which the aothor Is fully 
competent to deal exhaustively vrAXi"—Builder's JVetHly Reporier. 

‘‘A capital handbook for all who manipulate stone for Duildmif or ornamental purposes.’ — 
Maehtnery Maritet, 

Turning, • 

LATHE-WORK : A Practical Treatise on the Tools, Appliances, 
and Processes employed in the Art of Turning. * By Paul N, HaSluck. 
Third Edition, Revised and Enlarged. Crfwn 8vo, 5s. cloth. 

" Written by a man who knows, not only how work ought to be done, but who also knows how 
to do It, and how to convey liis knowledge to otliers. To ail turners this liook would l>e valuable. 
—Engineering', 

“ We can Safely recommend the work to young engineers. To the amateur it will simply be 
invaluable. To the student it ivlll convey a great deal of useful infurmattoii."— Engituer. 

* "A compact, succinct, and handy guide to lathc.work did not exist in our language unt Mr. 
Hasluck, by the publication of this treatise, gave the turner a true vade-mecum."—House Deeerater. 

Screw- Cutting, 

SCREW THREADS : And Methods of Producing Them. With 
Numerous Tables, and complete directions for using Screw-Cutting Lathes. 
By Paul N, Hasluck, Author of " Lathe-Work,” *' The Metal Turner’s 
Handybook,’’ &c. Waistcoat-pocket size, price is. Vfnst published. 

. " Full of useful information, hints and practical criticism. Taps, dies .and sc ewing-tools gene- 

^ rally ,lrc lUustrated and their action desrrilied "—Mechanical World 

“ It IS a complete compendium of all the details of the screw-cutting lathe; in fact, a multutn 
* c« parvo on all the subjects it treats upon."— Carpc?Uer and Builder. 

Engineer's and Machinist’s Assistant, 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A collection of Useful Tables, Rules and Data. 
By William Templeton. Seventh Edition, with Additions. i8mo, 2s. 6 d. 
cloth. 

„ ” Templeton's handbook occupies a foremost place among books of this kind. A more suitable 

present to an apprentice to any of the mechanical trades could not possibly be made."—Building 
Hews, 

" A deservedly appreciated work, which should be m the ’ drawer' of every mechanic^"— 
Eugiish Mechanic. ^ • 

Iron and Steel, * 

“ IRON AND STEEL*': A Work for the Forge, Foundry, Factory^ 
and Office. Containing ready, useful, and trustworthy Information for Iron- 
nfhsters and their Stock-takers; Managers of Bar, Rail, Plate, and Sheet 
Rolling Mills; Iron and Metal Founders; Iron Ship and Bridge Builders; 
Mechanical, Mining, and Consulting Engineers ; Architects, Contractors, 
Builders, and Professional Draughtsmen. By Charles Hoare, Author of 
“ The Slide Rule,” &c. Eighth Edition, Revised throughout and considerably 
Enlarged. With folding Scales of ” Foreign Measures compared with the 
Engli^ Foot,’* and “ Fixed Scales of Squares, Cubes, and Roots, Areas, 
Decimal Equivalents," &c. Oblong szmo, leather, elastic band, 6s. 

• *■ For comprehensiveness the book h.is not its equal.”—/n7«. 

" One of the best of the pocket books, and a useful companion in other branches of work than 
’ '.iron and steeL ”—English Mechanic. 

e “ We cordially recommend this book to those engaged In considering the details of all kinds ot 
Iron and steel works.’’—Abwi/ SHena, 

High-Bressure Steam Engines, 

THE HIGH-PRESSURE STEAM-ENGINE : An Exposition 

of Us Comparative Merits and an Essay towards an Improved System of Construc- 
Ho». By Dr. Ernst Alban. Translated from the German, with Notes, by 
Dr. Pole, M. Inst. C.E., &c. With *8 Plates. 8vo, 16s. 64. cloth, 

"Goes thoroughly into the examination of the hig^h-pressure engine, the boiler, and its append- 
' ages, and deserves a place in every scientific library. Skipping Chronicle. 
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Engineering Construction, 

PATTERN-MAKING: A Practical Treatise, embracing the Main 
Types of Engineering Construction, and including Gearing, both Hand and 
Machine made. Engine Work, Sheaves and Pulleys, Pipes and Columns, 
Screws, Machine Parts, Pumps and Cocks, the Moulding of Patterns in 
Loam and Greensand, &c., together with the methods of<£stimating the 
weight of Castings; to which is added an Appendix of Tattles for Workshop 
Reference. By a Foreman Pattern Maker. With upwards of Three 
Hundred and Seventy Illustrations. Crown Svo, 75.6d. cloth. 

" A ■weU-'written technical guide, evidently written by a man who understands and has prac¬ 
tised what he has written about. We cordially recoinniend it to engineering students, young 
journeymen, and others desirous of being initiated into the mysteries of patteni-iiiaking.'’—AMi/iiier. 

" Likely to prove a welcome guide to many 1 orkmeii. cspicci.'illy to draughtsmeh who hare 
lacked a training in the shops, ttupils pursuing their practical studies in our factories, and to em¬ 
ployers and managers in engineering works.—//arrfTOarr Trade Journat. 

/‘More than 370 illustratioiii’helji to explain the text, which is, however, always clear and ex¬ 
plicit, thus rendering the work an excellent vade mecum for the apprentice who desires to become 
master of his trade,”—fiMgAjA Mechantc, 

Dictionary of Mechanical Engineering Terms, 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE 
PRACTICE OF MECHANICAL ENGINEERING, embracing those current 
in the Drawing Ofiice, Pattern Shop, Foundry, Fitting, Turning, Smith’s and 
Boiler Shops, &c. &c. Comprising upwards of 6,000 Definitions. Edited by 
A Foreman Pattern-Maker, Author of “Pattern Making,” Crown Svo, 
ys. 6 d. cloth. published, 

“Just the sort of handy dictionary required by the various trades engaged in mechanical en- 


“ 'I'his admirable diction.iry, .alllioiigh pnm.inly intended fur ifie use of dr.uightsmcn and other 
teclmical cr,iftsmen, is of much l.irger value as a book of reference, and will find a ready welcome 
in iM.iiiy libraries.”— Herald. 

Smith’s Tables for Mechanics, etc, 

TABLES, MEMORANDA. AND CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, BUILDERS, etc. 
Selected and Arranged by Francis Smith. Fourth Edition, Revised and En^ 
larged, 250 pp., waistcoat-pocket sixe, is. 6d. limp leather. [Jwsf published. 
“ It would, pediaps, be as diflicult to make a small po<ket-bnok selection of notes and formula 
to suit ALT. engineers as it would be to make a universal medicine; but Mr, Smith's waistcoat- 
pocket collection may be looked up>on as a successful attempt."— Ilnginetr, 

"The best example we have ever seen of 250 pages of useful matter packed into the dimen¬ 
sions of a card-case .”—BuxldttK News. 

^ “A veritable pocket treasiuy of knowledge,"— 

Steam Boilers,^ 

A TREATISE ON STEAM BOILERS: Their Strength. Con¬ 
struction, and Economical Working. By Robert Wilson, C.E. Fifth Edition. 
121U0, 6s, cloth. 

" The best treatise that has e/er been published on steam boilers.”— Engineer. 

"The author shows himself perfect master of hLs subject, and we heartily recommend all em- 
ployiug steam power to possess themselves of the work. —Hyland ’s Iron Trade Circular, 

Boiler Chimneys, 

BOILER AND FACTORY CHIMNEYS; Their Draught-Power 
and Stability. With a Chapter on Lightning Conductors. By Robert 
Wilson, A I.C.E., Author of “A Tieatise on Steam Boilers," &c. Second 
Edition. Crown Svo, 3;. 6d. cloth. [Just published, 

BoUer Making, 

THE BOILER-MAKER'S READY RECKONER. With Ex¬ 
amples 'of Practical Geometry and Templating, for the Use of Platers, 
Smiths and Riveters. By John Courtney, Edited by D. K, Clark, M.I.C.E. 
Second Edition, Revised, with Additions, ismo, 5s, half-bound. 

" A most useful work.No workman or apprentice should be without this book."— 

/ren Trade Circular. 

"A reliable guide to the working boiler-maker.”— Iron. 

'• Boiler-makers will readily recognise the value of this volume. . . , The tables are clearly 

S rinted, and .so arranged that they can be referred to with the greatest facility, so that cannot be 
oubted that they 1(11! be generally appreciated and much m^a,"—AUntns journal. 






MECHANICS, MECHANICAL ENGINEERING, etc, 


^ Steam Engine, 

TEXT-BOOK ON THE 'STEAM ENGINE. With a Sup¬ 
plement on Gas Engines. By T. M. Goodeve, M.A., Barrister«at-Law, 
Author of “The Elements of Mechanism," &c. Ninth Edition. With 
numerous Illustrations. Crown 8vo, 6s. cloth. 

“Professor Gti^devehas gfiven us a treatise on the steam eng-ine which will bear comparison 
with anything wrtttei^y Huxley or Maxwell, and we can award it no higher prai!>e.”— Enginter, 

" Professor Goodeve’s book is ably and clearly written. It is a sound work ”— Athentfum. 

" Mr. Goodeve’s text-book is a work of wliich every young engineer should possess himself." 

—Muting yournal. 

“ IisscntidUy practical in its aims. The manner of exposition leaves nothing to bo desired."— 
Sc0timaH. ^ 

“A valuable T'lritir tneewn for the student of encrmeorincr. and should be m the Dossessioii of 
every scientific reader."—cW/rr/j' hnanhiin. 

Gas Engines, 

ON GAS-ENGINES. Being a Reprint, with some Additions, of 
the Supplement to the Text-book on the Steam Engine, by T. M. Goodevk, 
M.A, Crown 8vo, as. 6d. cloth. [Just published. 

“ I-ike all Mr Coodeve's writings, the present is no c.\ce))tion in point of general excellence. 
It is a valuable little volume ."—Metluinical World. 

“ Tin-, little book will be useful to those who desire to understand how the gas-engine works. 
—Englith Mechanic. 

Steam, 

THE SAFE USE OF STEAM. Containing Rules for Un¬ 

professional Steam-users. By an Engineer. Fifth Edition. Sewed, 6d. 

“ If steam-users would but learn tins little book by heart, boiler explosions would become 
♦ sensations by their rant}."— hnghth Mechanic, 

* Coal and Speed Tables, 

A POCKET BOOK OF COAL AND SPEED TABLES, for 

Engineers and Steam-users. By Nelson Foley, Author ol “Boiler Con¬ 
struction.” Pocket-size, 3s. 6d. cloth; 4s. leather. 

“This IS a very useful book, containing very useful tables. The results given are w'ell chosen, 
and the volume contains evidence that the author really understands his subject. We can reconi- 
nielul the work with pleasure ."—Mechanical H'orld. 

“ These tables are designed to meet the rciiuirements of every-flay use ; they are of sufKcient 
scope for must practical purposes, and ui.ay be coiniueiirtcd to engiueers and users of steam."— 
iron. 

“ This jiocket-book well merits the attention of the practical ftighiecr. Mr, Foley has com¬ 
piled a very useful set of tables, the mformtition contained in wliicli is frenueutly require*by 
engineers, coal consumers and useis of steam ,"—Iron and Coal Trails Review, 

Fire Engineering, 

FIRES, FIRE-ENGINES, AND FIRE-BRIGADES. With 
4 t History of Fire-Eingines, their Construction, Use, and Management: Re¬ 
marks on Fire-Pioof Bui''^ings, and the Pieservation of Life from Fire; 
Statistics ol the Fire Appliances in English Towns; Foreign Fire Systems ; 
Hints on Fire Brigades, &c. &c. By Charles F. T. Young, C.E. With 
numerous Illustr.ations, 544 pp., demy 8vo, £i 4s. cloth. 

“To such of our readers a.s are interested iti the subject of fires and fire apparatus, we can most 
heartily commend this book. It is really the only Hnglish work we now have upon the subject,"- 
Engineering. ^ 

, “It displays much evidence of careful research; and Mr. Young has put his facts neatly 
together. It is evident enough that ins acquaintance with the practical details of itic caiistructioii of 
steam fire engines, old and new, and tliu conditions with wlucli it is necessary they should comply, 
is accurate and full."- -Engineer. 

Gas Lighting, 

COMMON SENSE FOR GAS-USERS: A Catechism of Gas- 

Lighttng for Householders, Gasfitters, Millowners, Architects, Engineers, etc. 
By Robert Wilson, C.E., Author of " A Treatise on Steam Boilers.” 
Second Edition, with Folding Plates and Wood Engravings. Crown 8vo, 
price IS. in wrapper. 

“ All gas-uc'ers will decidedly benefit, both In pocket and comfort, if they will avail themselves 
' of Mr. Wilson's oovixseAs.”—Engineering, 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

('* The Engine Driver's Friend '*). 

Locomotive-Engine JDri/ving* 

LOCOMOTIVE^ENGINE DRIVING : A Practical Manual for 
Engineers in char^ of Locomotive Engines, By Michael Revjpolds, Member 
of the Society of Engineers, formerly Locomotive InspectQ); XL B. and S. C. R. 
Eighth Edition. Including a Kev to the Locomotive Engine. With Illus¬ 
trations and Portrait of Author, Crown 8vo, 45. 6d. cloth. 

*' Mr. Reyiiolds has supplied a want, and has supplied it well. We can confidently recommend 
the book, not only to the practical driver, but to everyone who taJees pa interest in the [performance 
of locomotive engines ."—The JiHCinuf'. 

“ Mr. Reynolds has opened a new chapter in th«. liter.iture of the day. Tliis admirable practical 
treatise, of the practical utility of which we huvo to speak in terms of warm commendation.”— 

Athenitutn. 

“ Evidently the work of ono’ia'ho knows Ins subject thoroughly.”—/fiti/waj/ Service Gazette. 

" Were the cautions and rules given m the l>ook to become part of the every-day workuii' ol 
our engine-drivers, we might have fewer aistrcssing accidents to d<iplQte,'’—Scotstnan, 

Stationctrg Engine Eriving, 

STATIONARY ENGINE DRIVING : A Practical Manual for 
Engineers tn charge of Stationary Engines. By Michael Reynolds. Third 
Editioo, Enlarged. With Plates and Woodcuts. Crown 8vo, 4s. 6 d, cloth. 

” The author is thoroughly acquainted with his subjects, nnd his advice on the various points 
treated is clear and practical. . . He has produced a manual which is an exceedingly useful 
one for the class for whom it is specially intended."— E>i/rineert)ix;'. 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about it.’’—Engineer. 

"An eiigineman who lias mastered the contents of Mr.Reynolds'sbookwill require but little actual 
experience with boilers and engines before he can be trusted to look after them "— English Meehante 

The Engineer, Fireman, and Engine-Boy.. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, and 
ENGINE-BOY. Comprising a Historical Notice of the Pioneer Locomotive 
Engines and their Inventors. By Michael Reynolds. With numerous Illus¬ 
trations and a fine Portrait of George Stephenson. Crown 8vo, 4s. 6 d. cloth. 

" From the technical knowledge of the author it will appeal to the railway man of to-day more 
forcilily than anything written by I)r. Smiles. . . . The volume contains information of a tech¬ 
nical kind, and facts that every driver should be tainiliar with."— English Mechanic, 

“We should be glad to sec this book in the possession of everyone in the kingdom who has 
ever laid, or is to lay, hands on a locomotive engine."—/rewt. 

Continuous Hallway Brahes, 

CONTINUOUS RAILWAY BRAKES: A Practical Treatise on 

the several Systems in Use in the United Kingdom; their Construction and 
Performance. With efipious Illustrations and numerous Tables. By Michael 
*■ Reynolds. Large crown 8vo, gs. cloth. 

" A popular explaration pf the diflerent brakes. It will be of great assistance in forming public 
opinion, and will be studied with benefit by those who take an interest ui the brake."— English 
Mechanic. 

” Written with sufficient technical detail to enable the principle and relative connection of the 
various parts of each particular brake to be readily grasped."— World. 

Engine-Driving Life, ‘ 

ENGINE-DRIVING LIFE; or. Stirring Adventures and Inci¬ 
dents in the Lives of Locomotive-Engine Drivers. By Michael Reynolds, 
Ninth Thousand. Crown 8vo. as. cloth, 

“From first tolast is perfectly fascinating. Wilkie Collins's most thrilling conceptions are thrown 
into the shade by true incidents, endless in their variety, related in every page."—A^orM British Mml- 
" Anyone who wishes to get a real insight into railway life cannot do better than read ‘ Engine- 
Driving Life' for himself; and if he once take it up he will fiu4 that the author's enthuslasi.1 and real 
love of the engine-driving profession will carry him on tiU he has read every page ,"—Saturday Remew. 

Fochet Companion for Enginemen, , 

THE ENGINEMAN^S POCKET COMPANION AND PRAC¬ 
TICAL-EDUCATOR FOR ENGINEMEN, BOILER ATTENDANTS, 
AND MECHANICS. By Michael Reynold.s. With Forty-five Illustra¬ 
tions and numerous Diagrams. Second Edition, Revised. Royal i8mo, 3s. 6d., 
strongly bound for pocket wear. puUished. 

“ This admirable work is well suited to accomplish its object, being the honest workmanship ol 
a competent engineer."— Gtaigow Herald. 

“ A most meritorious work, giving in a succinct and practical form ail the infonnation an engino- 
minder desirous of mastering the scientific principles of his daily calling would require."— 

“ A boon to those who are striving to become efficient mechanics."*— 


CIV IL ENGINEERING, SURVEYING, eU. 

FrencJi^English Glossary for Engineers, etc, 

A POCKET GLOSSARY of TECHNICAL TERMS: ENGLISH- 

FRENCH, FRENCH-ENGLISH ; with Tabltss suitable for the Architectural, 
Engineering, Manufacturing and Nautical Professions. By John James 
Fletcher, Engineer and Surveyor ; soo pp. Waistcoat-pocket size, 6<f., 
limp leather. 

" ongfht coataiiUy to be to the waistcoat-pocket of every professional man. —Iron. 

“ U is a very Rregt .-idvantage for readers and correspondents in France .and England to have 
so ktrge a njniber of the words relating to engineering and manufacturers collected Tn a liliputian 
volume, llie little book will lie useful both to students and travellers,”— ArchUect. 

" The glossary of terms is very complete, and many of the tables are new and well arranged. 
We cordiaSy comaend the hQQ)KJ^—Mechanical Sf'orld. 

Fortahle Engines, 

THE PORTABLE ENGINE; ITS CONSTRUCTION AND 
MANAGEMENT, A Practical Manual for Owners and Users of Steam 
Etgines generally. By William Dvsofr Wansbrouoh. With go Illustra¬ 
tions, Crown 8vo, 3s. 6d, cloth. [Just published. 

" 'riiis is a work of value to those who use steam machinery. . . . Should bA read by every¬ 
one wlo h.is a steam engine, on a iarm or elsewhere "—Mark Lane Express. 

•• *Ve cordially commend this work to buyers and owners of steiiiii engines, and to those who 
have 10 do with their construction or —Timber Trades yournal. 

‘ Sucli a general knowledge of the stc.'un engine as Mr. Wansbrough furnishes to the reader 
shotld be acquired by all intelhgent owners and others who use the steam engine.'— HuiliingNews. 


CIVIL ENGINE ERING, S URVEYING, etc. 

m, HUMBER’S IMPORTANT ENGINEERING BOOKS. 


The Water Supply of Cities and Towns, 

A COMPREHENSIVE TREATISE on the WATER-SUPPLY 
OF CITIES AND TOWNS. By William Humber, A-M. Inst. C.E„ and 
M. Inst, M.E., Author of " Cast and Wrought Iron Bridge Construction," 
&c. &c. Illustrated with 50 Double Plates, i Single Plate, Coloured 
Frontispiece, and upwards of 250 Woodcuts, and containing 400 pages of 
Text. Imp. 4to, £6 6s. elegantly and substantially half-bound in morocco. 


List of 

I. Historical Sketch of some of the means 
that have been adopted for the Supply of Water 
to Cities and Towns.—II. Water and the Fo¬ 
reign Matter usually associated with it.—III. 
Rainfall and Evaporation.—IV. Springs and 
the water-bearing formations of various dis¬ 
tricts-—V. Measurement and Estimation of the 
flow of Water —VI, On the Selectiun of the 
Source of Simply.—VII. Wells.—VIII. Reser- 
vdirs.—IX. The Purification of Water.—X. 
Pumps. — XI. Pumpuig Machinery.— XII. 


Contents. 

Conduits.—XIII. Distribution of Water,—XIV, 
Meters, Service Pipes, and House Fittings.— 

XV. The Law and Economy of Water Works. 

XVI. Constant and Intermittent Supply.— 

XVII. Description of Plates.— Appendices, 
giviiw Tables of Rates of Supply, Velocities, 
&c. &c.. together with Specifications of several 
Works illustrated, amon^which will be found: 
Aberdeen, I}i 4 eford, Canterbury, Dundee, 
Halifax, Lambeth, Rotherham, Dublin, and 
others. 


*' The most systematic and valuable work upon water supply hitherto produced in EngUsh, or 
In amy otiier language. ... Mr. Humber s work is characterised almost throughout by an 
jexfaaustiveness much more distinctive of French and German than of English techni^ treatises." 


— Engineer, 

“ We can congratulate Mr. Humber on having been able to give so large an amount of infor¬ 
mation on a subject $0 important as the water supply of cities and towns. The plates, fifty in 
number, are mostly drawings uf executed works, ana alone would have commandeci the attention 
of every engineer whose practice may lie in this branch of the profession,"—RMtVder. 


Cast a/nd Wrought Iron Bridge Construction, 


A COMPLETE AMD PRACTICAL TREATISE ON CAST 


* AND WROUGHT IRON BRIDGE CONSTRUCTION, including Iron 
Foundations, In Three Parts—Theoretical, Practical, aod Descriptive. By 
William Humber, A-M. Inst. C.E., and M. Inst. M.E. Third Edition, Re¬ 
vised and much improved, with 115 Double Plates (ao of which how first 
appear in this edition), and numerous Additions to the Text, In Two Vols., 
imp. 4to, £6 s6s. 6d. half-bound in morocco. 

’’A very valuable contribution to the standard literatum of civil engineering. In addftioh to 
elevations, plans and sections, large scale details arc given which ve^ much enhance tlie instruc¬ 
tive worth of these illustrations.’ Architect's yournal. 

*■ Mr. Humber’s stately volumes, lately issued—in which the most important bridges oMcted 
during the last five years, under the direction of the late Mr. Brunei, Sir W. Cubitt, Mr. Mawk- 
shaw, Mr. Page, Mr. Fowler, Mr. Heroans, and others among our most eminent engineers are 
dmwn and speoiSed to great ddlcaS^T—Bnginur. 
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• MR. HUMBER'S GREAT WORK ON MODERN ENGINEERING. 

Complete in Four Volumes, imperial 4to, price /le 12s., balf-morocco. Each 
Volume sold separately as mllows 

A RECORD OF THE PROGRESS OF MODERN ENGINEER¬ 
ING, First Series. Comprising Civil, Mechanical, Marine, Hydraulic, 
Railway, Bridge, and other Engineering Works, &c. By Wilbiam Humber, 
A-M. Inst. C.E., &c. Imp. 4to, with 36 Double Plates, drawfi to a large scale, 
Photographic Portrait of John Hawkshaw, C.E., F.R.S., &c., and copious 
descriptive Letterpress, Specifications, &c., £3 35. half-morocco. 

List of the Plates and Diagrams, 

Victoria Station and Roof, L. B. & S. C. R. Thames, West I.ondon Extension Railway (S 
(8 plates); Southport Pier (a plates); Victoria plates); Armour Plates: Suspension Bridge, 
Station and Roof, L, C. & f) and G. W. R. (6 Tliaraes (4 plates), The Allen Engint; Sus- 
plates); Roof ofCremorne Music 4 iaU, Bridge pension Bridge, Avon (3 plates); Undeiground 
over G. N. Railway; Roof of Station. Dwpeh Railway (3 plates). 

Rhenish Rail (a plates); Bridge over the 

" Handsomely lithographed and jirinted. It will find favour with many who desire to picserve 
In a permanent form copies of the plans and specifications prepared for the guidance Of the con* 
tractors for many important engineenng worki.'—Jingzneer, 

HUMBER'S RECORD OF MODERN ENGINEERING. Second 

Series. Imp. 410, with 36 Double Plates, Photographic Portrait of Rolert 
.Stephenson, C.E., M.P., F.R.S., &c., and copious descriptive Letterpriss, 
Specifications, &c., £3 35, half-morocco. 

List of the Plates and Diagrams. 

Birkenhead Docks, Low Water Basin (15 and Abergavenny Railway; Ebbw Viadntt, 

^tes); Channg Cross .Station _ Roof, C. C. Merthyr, Tredegar, and Abergavenny Rail- 

Railway (3 plates); DikwcII Viaduct, Great way; College Wood Viaduct. Cornweul Ra'l- 

Northem Railway; Robbery Wood Viaduct, way; Dublin Winter Palace Roof (3 pl.itesj; 

Great Northern Railway: Iron rermanent Bridge over the Thaiues, L. C. & D. Railway 

Way, Clydach Viaduct, Merthyr, Tredegar, (6 plates); Albert Harbour, Greenock (4 plates) 

“ Mr. Humber has done the profession good and true service, by the fine collection of examples 
he has here brought before the profession and the public PraiUiat Mtehante's Journal. 

HUMBER’S RECORD OF MODERN ENGINEERING. Third 
Series. Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. 
M'Clean, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci¬ 
fications, &c., £3 3s. half-raoiocco. 

List of the Plates and Diagrams. 

Main drainage, Metropolis.—A er/A Sewer, Reservoir and Outlet (4 plates); Outfall 
Side. —Map showing Interception of Sewers; Sewer, I'llth Hoist; Sections01 Sewers (North 
Middle Level Sewer (3 plates); Outfall Sewer, and South Sides). 

Bridge over River Lea (3 plates), Dutfall Sewer, THAMES tMEANKMFNT.—Section of River 

Bridge over Marsh Lane, North Woolwich Wail; Steamboat I’ler, Westminster (splates), 

Railway, and Bow and Barking Railway June- Landing .Stairs between Ch.irmg Cross and 

lion; Outfall Sewer, Iindge lover Bow and Waterloo Bridges; York Gate (3 (ilates); Over- 

Barking Railway (3 plates); Outfall Sewer, flowaiidOiitlct at S. 3 voy Street Sewer (3 plates); 

Bridge over East London Waterworks' Feeder Steamboat Pier, Waterloo Bridge (3 plates); 

(3 plates). Outfall Sewer, Rcseivoir (3 plates); Jiitirtion of Sewers, Plans and Sections; 

Outfall Sewer, Tumbling Bay ana Outlet: Out- Gullies, Plans .and Sections; Rolling Stock; 

fail Sewer, Penstocks. South A'i-fr.—Outf.iU Granite and Iron Forts. ' 

Sewer, Bonnond.sey Branch (3 plates), Outfall 

“The drawings have a constantly increasing value, and whoever desires to possess clear repre¬ 
sentations of the two great works carried out by our Metropolitan Board will obtaui Mr. Humber’s 

volume.”— 

HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 

Series. Imp. 4to, with 36 Double Plates, Photographic Portrait of John 
Fowler, late Pres. Inst. C.E., and copious descriptive Letterpress, Speci¬ 
fications, &c., £3 3S. half-morocco. 

List of the Plates and Diagrams. 

Abbey Mills Pumping Station, Main Drain- Mesopotamia; Viaduct over the River Wye, 

age. Metropolis ,(4 plates); Barrow Docks (5 Midland Railway (3 plates); St. Germans Via- 

Iilates); Manquis Viaduct, Santiago and Val- duct, Corftwall Railway (2 plates); Wrought- 

paraiso Railw'ay (2 plates): Adam’s Locomo- Iron Cylinder for Diving Bell; MUlwali Docks 

tivs, St. Helen’s Canal R.ailway (2 plates); (6 plates); Milroy's Patent Excavator; Metro- 

Cannon Street Station Roof, Charing Cross politan District Railway (6 plates); Harbours, 

Railway (3 plates); Road Bridge over the River Ports, and Breakwaters (3 plates). 

Moka (a plates); Telegraphic Apparatus for 

“We gladly welcome another year's Issue of this valuable publication from the able pen of 
Mr. Humber. The accuracy and general excellence of this work are well known, white its us^ul- 
ness in giving the measurements and details ot some Of the latest examples pf engineering, as 
carried out by the most eminent men in the profession, cannot be too highly prized.”— .ifnriawM. 
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MR. HUMBER'S ERQJNEERINO BOOKS-^ontinued. 

Strains, Calculation of, 

A HANDY BOOK FOR THE CALCULATION OF STRAINS 
IN GIRDERS A ND SI MI LA RSTR UCTURES, A ND THEIR S TRENGTH. 
Consisting of Formulaa and Corresponding Diagrams, with numerous details 
for Practwal Application, &c. By William Hum3er, A-M. Inst. C.E., &c. 
Fourth Edititm. Crown 8vo, nearly loo Woodcuts and 3 Plates, 75. 6 d. cloth. 
“ The formate are neatly ex[nressed, and the diagrams %ooA.''—Atkenceum. 

" We heartily commend tins really kattdy book to our engineer and architect readers.'*— 
lish Mechanic, 

Barlow^s Strengthof Materials, enlarged hy Humber 

A TREATISE ON THE STRENGTH OF MATERIALS; 


are added. Experiments by Hodgkinson, Fairbaikn, and Kirkaldy ; and 
Formulm for Calculating Girders, &c. Arranged and Edited by W, Humbbr, 
A-M. Inst. C.E. Demy 8vo, 400 pp., with 19 large Plates and numerous 
Woodcuts, i8s. cloth, 

" Valuable alike to the student, tyro, and the experienced pnictitloner. It will always rank in 
future, .-IS it has hitherto done, as the standard treatise on that particular subject,”— 

” 'I here is no greater authority than Barlow ."—Bnilding Neies. 

" Deserves a foremost place on the bookshelves of every civil engineer.”— Encltsh Mechanic, 

Trigonometrical Sunwying, 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geographical a«<i 
Topographical Maps and Plans, Military Reconnaissance, Levelling, &c,, with 
Useful Problems, Formulm, and Tables. By Lieut.-General Frome, R.E. 
Fourth Edition, Revised and partly Re-written by Major General Sir Charles 
Warren, G.C.M.G., R.E. With 19 Plates and 115 Woodcuts, royal 8vo, i6s. 
cloth. 

" The simple fact that a fourth edition has been called for is the best testimony to Its merits. 
No words of praise from us can strengthen the positK.u so well and so steadily maintained by this 
work. Sir Charles Warren has revised the entire work, and made such additions as were necebsary 
to bring every portion of the contents up to tlie present dale."—Bread Arrov/. 

Oblique Bridges, 

A PR A CTICA LAND THEORETIC A L ESS A Y ON OBLIQ UE 
BRIDGES. With 13 large Plates. By the late George Watson But k, 
M.I.C.E. Third Edition, revised hy his Son, J. fi. Watson Buck, M.I f^.E.; 
and with the addition of Description to Diawatns for Facilitating the Con¬ 
struction of Oblique Bridges, by W. H. Barlow,^.I.C.E. Royal 8vo, i2». 
cloth. 

“ The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, anti it 
would be impossible to cunsuLt a better.”— kuirrneer- 

*‘Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divesred the 
subject of many of the intric.icies sunposed to lielong to it. As a guide to the engineer and archi¬ 
tect, on a confessedly difficult subject, Mr. Buck's work is \xaMa)iissed,"—BuUduigNews. 

Bridge Construction. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC¬ 
TION OF MA SONR Y, TIMBER, A ND IRON. Consisting of 46 Plates from 
the Contract Drawings or Aameasurement of Select Works. By W, D. 

, Haskoll C.E. Second Edition, with the addition of 554 Estimates, and the 
Practice of Setting out Works. Illustrated with 6 pages of Diagrams. Imp. 
4to, £2 12s. 6d: halt-morocco. 

"A work of the present nature by a man of Mr. HiasIroU's experience must prove invaluable. 
The tables of estimates will considerably enhance its value.”— Engineeruig, 

Earthwork, 

EARTHWORK TABLES. Showing the Contents in Cubic 

Yards of Embankments, Cuttings, &c., of Heights or Depths up to an average 
of 80 feet. By Joseph Broadbent, C.E., and Francis Campin, C.E. Crown 
8vo, 5s. cloth. 

The way in which accuracy is attained, by a simple division of each cross section Into three 
elements, two m which are constant and one variable, is ingenious."— 
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Statics, Graphic and Analytic, 

• GRAPHIC AND ANALYTIC STATICS, in their Practical Appiu 

cation to the Treatment of Stresses in Roofs, SoHd Girders, Lattice, Bowstring 
anR Suspension Bridges, Braced Iron Arches and Piers, and other Frameworks. 
By R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. 
Witli numerous Examples, many taken from existing Structures. Sjiecially 
arranged for Class-work in Colleges and Universities. Secondr Edition, Re¬ 
vised and Enlarged. 8vo, i6s. cloth. • 

*' Mr. Graham’s book will find a place wherever graphic and analytic statics ore used or studied. 

— Engrueer. 

“ Tilts exhaustive treatise is admirably adapted for the architect and engineer, and will tend 
to wean the profession from a tedious and laboured mode of calculation "~SitUteing News. 

'I'he work is excellent from a practical point of view, and has evidently been prepared with 
much care. The directioii.s for working are ample. .Aid are illustr.itcd by an abundance of weU- 
selected examples. It is au excellent text-book for the practice draughtsman,”— 

Survey Practice, *» 

AID TO SURVEY PRACTICE, for Reference in Surveying, Level, 
ling, Setting-out and in Route Surveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By Lowis D'A. Jackson, A.M.I.C.E., 
Author of “ Hydraulic Manual,” “ Modern Metrology,” &c. Large crown 8vo, 
125 .6d, cloth. 

•* Mr. Jackson has produced a valuable vade-mecum for the surveyor. V/e can recommend 
this book as containing an admirable supplement to the teaching of the accomplished surveyor.”— 
Atkemeum, 

" As _a text-book we should advise all surveyors to place it in their libraries, and study well the 
matured instructions afforiK'd in its pages." —CoUxtry Ouardxan 

" Tile author brings to his work a fortunate union ot theory and practical experience which, 
aided by a clear and lucid style of writing, renders the book a very useful one.”— Butider. 

Surveying, hand and Marine, 

LA ND A ND MA RINE SUR VEYING , in Reference to the Pre¬ 
paration of Plans for Roads and Railways; Canals, Rivers, Towns’ Water 
Supplies: Docks and Harbours. With Description and Use of Surveying 
> Instruments. By W. Davis Haskoll, C.E., Author of " Bridge and Viaduct 
Construction,” &c. Second Edition, Revised, with Additions. Large crown 
8vo, gs. cloth. 

“ A most useful and well arranged book for the aid of a student. We can strongly recommend 
it as a carefully written and valuable text-book, Iteiyoys a well-deserved repute among surveyors." 
— Builder-. 

“ Tins volume cannot fail to prove of the utmost practical utility. It may be safely recommended 
lo all students who .ispire to become clean and expert surveyors."— Journal. 

hevelling, 

A TREATISE ONe THE PRINCIPLES AND PRACTICE OF 
kEVELLING. Showing its Application to purposes of Railway and Civil 
Engineering, ir. the Construction of Roads; with Mr. Telford's Rules for the 
same. i'REDERir.K W. Simms,F.G.S., M. Inst. C.E. Seventh Edition, with 
the addition of Law’s Practical Examples for Setting-out Railway Curves, and 
Trautwine’s Field Practice of Laying-out Circular Curves. With 7 Plates 
and numerous Woodcuts, 8vo, 85. 6d. cloth. Trautwime on Curves 
may be had separate, 55. 

'neer. 

younger 

>ut tne present eaiuon ot Mr. himms’s useful work ."—Bngineenni 

Tunnelling, 

PRACTICAL TUNNELLING. Explaining in detail the Setting- 
out of the works, Shaft-sinking and Headiim-driving, Ranging the Lines and 
Levelling underground, Sub-Excavating, Timbering, and the Construction 
of the Brickwork of Tunnels, with the amount of Labour required for, and the 
Cost of, the various portions of the work. By Frederick W. Simms, F.G.S., 
M. Inst. G.E. Third Edition, Revised and Extended by D. Kinnbar Clark, 
M. Inst. C.E. Imp. 8vo, with 21 Folding Plates and numerous Wood Engrav¬ 
ings, 30s. cloth. 

" The estimation in which Mr. Simms's book has been held for over thirty years cannot be more 
tnilv expressed than in the words of the late Prof. Rnnkine',Tke best source of information 
on the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling."'—.ifrcAnkcL 
” Mr. Clark has added immensely to the value of the book.”— Sn^dneer. 

“ The additional chapters by Mr. Clark, containing as they do numexoui examples Ot modem 
practice, bring the book weU up to date. '—Bngineertng. 
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Heat, Expansion hy, 

EXPANSION OF STRUCTURES BY HEAT. By John 
Keilv, C.E., late of the Indian Public Works and Victorian Railway Depart¬ 
ments. Crown 8vo, 3s. td. cloth. ijdst published. 

Summary of Contents. 


Section I. PoRMUtAS and Data. 
Section II. IMetal Bars. 

Section III. ShHple Frames. 

Section IV. Complex Frames J and 
Plates. 

Section V. Thermal Conductivity. 


Section VI. Mechanical Force of 
• Heat. 

Section VII. Work of Expansion 
and Contraction. 
Section VIII. Suspension Bridges. 
Section IX. Masonry Structures. 


*' The aim the author has set before him, viz., to show the effects of he.it upon metallic and 
Other structures, is a laudable one, for this fs a br.inch of ph3rsics upon which the eiiEineer or archi¬ 
tect can find but little reliable and comprehensive data in books "— SuUder. 

" Whoever is concerned to jenow the effect of changes oLtemperature 00 such structures aa 
suspension bridges and the like, could not do better than con^lt Mr. Kelly's valuable and handy 
exposition of the geometrical principles involved in tmise changes."— 


Eractical Mathematics^ 

MATHEMATICS FOR PRACTICAL MEN: Being a Common¬ 
place Book of'Pure and Mixed Mathematics. Designed chiefly for the use 
of Civil Engineers, Architects and Surveyors. By Olinthus Gregory, 
LL.D., F.R.A.S., Enlarged by Henry Law, C.E. 4th Edition, carefully 
Revised by J. K. Voung, formerly Professor of Mathematics, Belfast College. 
With 13 Plates, 8vo, £x is., cloth. 

‘ The engineer or architect will here find rca^' to his hand rules for solving nearly every inatho- 
' Ml difficulty that may arise in his iiractice 'The rules are in all cases explained by means of 
.iplcs, in which every step of the process is clearly worked . 

" One of the most serviceable books for pr.u tic.il mcchiinics. . . . It is an instructive book 
for the student, and a text-book for him who, h.iviiig once mastered the subjects it treats of, needs 
occasionally to refresh his memory upon tliuin ."—BuMtnjr News. 


Hydraulic Tables, 


HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULM 

for finding the Discharge of Water from Orifices, Notches, Wetrs, Pipes, and 
Rivers. With New Formula}, Tables, and General Information on Rainfall. 
Catchment-Basins, Drainage, Sewerage, Water Supply for Towns and Mill 
Power. By John Neville, Civil Engineer, M.R.f.A. Third Edition, care¬ 
fully revised, with considerable Additions, Numerous Illustrations. Crown 
8vo, 14s. cloth. 


“ It is, of all English books on the subject, the one nearest to completeness. . . . From the 
good artangemeiit of the matter, the clear explanations, and abundance of formulae, the carefully 
calculated tables, and, above alt, the thorough acquaintance ^ith both theory and construction, 
which is displayed from first to laat, the book will be found to be an acquisitionJ''-^.i4n:At/<|^. 


Miver Engineering, • 

RIVER BARS : The Causes of their Formation, and their Treatment 
by ‘^Induced Tidal Scour. " With a Description of the Successful Reduction 
• by this Method of the Bar at Dublin. By I. J. Mann, Assist. Eng. to the 
Dublin Port and Docks Board. Royal 8vo, 7s. 6d. cloth. 

"We recommend all interested in harbour works—and, indeed, those concerned in the Improve¬ 
ments of rivers generally—to read Mr. Mann's interesting work."— Engxneer-. 

'* A most vmnable contribution to the history of this branch of engineering.'’—£>i|£Yw«enlHg' 
and Mining- journal. 

Hydraulics, 

HYDRA ULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations and Field 
Operations. By Lowis D*A. Jackson, Author of "Aid to Survey Practice," 
"Modern Metrology,’’ &c. Fourth Edition. Rewritten and Enlarged. 
Large crown 8vo, i6l cloth. 

" The author bas been a careful observer of the facts which have come under his notice, as 
well as a painstaking collector and critic cf the results of the expcriiiiciits of others, mid from thti 
great mass of material at his command he has constructed a manu.-!! which may be accepted as .'j 
trustworthy guide to this branch of the engineer’s profession."— hngtneirin^. 

“ The standard work in this department of mechames. The present edition has been brought 
abreast of the most recent practice. Scotsman. 

" The most useful feature- of this work is its freedom from what Is superannuated, and its 
thorough adopdonof recent eKperimeuts; the text is, in fact, in great part a short account td the 
great modem experiments."—Mr 
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I>r,ainage. 

ON THE DRAINAGE OF LANDS, TOWNS AND BUILD^ 
INGS. By G. D. Dempsey, C.E., Author of “ The Practical Railway En- 
ftineer,” &c. Revised, with large Additions on Recent Practice in 
Drainage Engineering, by D, Kinnear Clark, M.Inst. C.E. Author of 
‘‘Tramways: their Construction and Woiking," “ A Manual of Rules, Tables, 
and Data for Mechanical Engifteers." &c. &c. Crown 8vo, 7s. dU. cloth. 

(jfttsf Published. 

“ The new matter added to Mr Dempsey's c'ccellent work is characterised by the compreiien- 
sive grasp and accuracy of detail tur which tiic name of Mr. D. K Clark is a sufticieut voucher.”— 

“ As a work on recent practice in drain.age engineering, the book is to lie commended to all 
srho are making that br.inch of engineering science tlicir special study ”— Iro>t. 

*' A comprehensive manual on drainage enginccrintf, and a useful introduction to the student.'' 
Kiitlding News. 

Tramways and tht,ir Working* 

TRAMWAYS : THEIR CbNSTRUCTION AND WORKING. 

Embracing a Comprehensive History of the System; with an exhaustive 
Analysis of the various Modes of Traction, including Horse-Power, Steam, 
Heated Water, and Compressed Air; a Description of the Varieties 01 Rolling 
Stock I and ample Details of Cost and Working Expenses: the Progress 
recently made in Tramway Construction, &c. &c. By D. Kinnear Clark, 
M. Inst. C.E. With over 200 Wood Engravings, and 13 Folding Plates. Two 
Vols,, large crown 8vo, 30s. cloth. 

“ All interested in tramways must refer to it, as all railway engineers have turned to the author's 
work ‘ Railway Ma« hinery.""— Eniftneer. 

“ An exhaustive and pr.ictical work on tramways, in which the history of this kind of locomo* 
tion, and a description and cost of the various modes of laying tramways, are to be found.”— 
Eutlding News . 

“ The best form of rails, the best mode of construction, and the best mechanical appliances 
are so fairly indicated iii the work under review, that any engineer aboutto construct a tramway 
will be cuablcd at oni.e to obtain the practical information which wiU be of most service to him."— 
^thenauin. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 

OBLIQUE ARCHES. By John Hart. Third Edition, with Plates. Im¬ 
perial 8vo, Ss. cloth. 

Curves, Tables for Setting~out. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES 

for Setting-out Curves from 5 to 200 Radius. By Alexander Beazelev, 
M. Inst. C.E. Third Editioa. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 3s, 6d. 

” li^ch table Is printed on a small card, which, being placed on the theodolite, leaves the hands 
free to m tnipulate the instrument—no small .'idvant,ige as regards the rapidity of work ”—bugtueer 
“Very handy; a mail may kyow that all his day's work must fail on two of those cards, which 
he puts into his own card-case, and leaves the rest ht.Vas<A.’’—At/ie»teum. 

Engineering Fieldwork* 

THE PRACTICE OF ENGINEERING FIELDWORK, applud 
to Land and Hydraulic, Hydrographic, and Submarine Surveying andLevelhng. 
Second Edition, Revised, with considerable Additions, and a Supplement on 
Waterworks, Sewers, Sewage, and Irrigation. By W. Davis Haskoll, C.E. 
Numerous Folding Plates. In One Volume, demy 8vo, £i 5s. cloth. 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A 

Practical and Theoretical Essay. By J. H. Watson Buck, M. Inst. C.E., 
Resident Engineer, London and North-Western Railway, Illustrated with 
Folding Plates, royal 8vo, 12s. cloth 

“ Many of the methods given are of c-streme practical value to the mason; and the observations 
on the form of arch, the rules for ordering the stone, and the construction of the templates will be 
found of considerable use. We commend the book to the engineering ^T&te&sian.."— Building News. 

“ Will be regarded by civil engineers as of the utmost value, and calculated to save much time 
and obviate many mistakes."— Colliery Guardian. 

Girders, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COMPUTA. 
TION OF THE WEIGHTS OF WROUGHT IRON AND STEEL 
GIRDERS, etc., for Parliamentary and other Estimates. By J. H. Watson 
Buck, M. Inst. C.E, On a Sheet, 2s,6d. 
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Trusses, 

TRUSSES OF WOOD AND IRON. Practical Applications of 
Science in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, 
and Details of Construction, with Complete Working Draw’ings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and 
Art. Oblong 8vo, 4s. 6 d. cloth. 

“ This hanAjr little book enters so nimiitcly into every detail connected with the construction of 
roof trusses, that iw student need be ignorant of these matters for want of an easy source to come 
at the knowledge."— Engxitter. * 

“ From the manner of treating the subject, Mr. friiRiths' book Is clear enough to enable a 
student to be his own teacher. It will be useful in the scienceschoolandin worksluips."— 

Mailtvay Working, 

SAFE RAILWAY WORKING. A Treatise on Railway Acci¬ 
dents : Their Cause and Prevention; with a Description of Modern Appliances 
and Systems. By Cl-ement E. Stretton, OE., Vice-President and Con¬ 
sulting Engineer, Amalgatnaied Socielf of Railway Servants. With Illus¬ 
trations and Coloured Plates, crown 8vo, 4s. 6 d. strongly bound, 

Outline (f Contents. 

Chapter I. Summary of Accident.s, 1885.—II. Permanent Way, —III. Sig¬ 
nalling; Block Sy.stem.— IV. Continuous Brakes.— V. Breaking of Raij..- 
WAY Axles.— VI. Railway Couplings. —VII. Railway Servants and the Law 
OF Manslaughter. —Appendix I. Railway Traffic Returns.— II. Railway 
Signal Returns. —III, Continuous Brakf.s Returns.— IV. Mixed Trains. 

*4* Opinions oe the Press. 

•• A book for the engineer, the directors, the managers; and, m short, .all who wish for inferina- 
tion on nulway in.itterb will find a perfect cncyclop.edid 111 ‘ S.ife Railway Working,’ ‘'—Ratliuay 
Kevttw, 

“ Mr Clement H. Stretton, the energetic Vice-President of the Amalgam,ited Society of Rail¬ 
way Serv,uits, may be coiigratulrited on having collected, in a very convenient form, much v.aluublo 
mformnlion on the i>rmeip.jl qucsiunis.iHVcting the safe working of railways.”—/faifa'iij' h.ttgtueer. 

" We coiniiiend the reiii.irks on railway signialling- to all railway managers, esi^ecially where A 
iinirorni code and pr.ictice is advoL.ited Hci efiath s Railway yournal. 

Field-Book for Engineers, 

THE ENGINEER'S, MINING SURVEYOR'S, AND CON- 

TRA CTOR’S FIELD-BOOK. Consisting of a Series of Tables, with Rules, 
Explanations of Systems, and use of Theodolite for Traverse Surveying and 
Plotting the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting-out and Reducing 
Levels to Datum, and Plotting Sections in the ordinary manner; setting-out 
Curves with the Theodolite by Tangential Angles and Multiples, with Right 
and Left-hand Readings of the Instrument: Setting-out Curves without 
Theodolite, on the System of Tangential Anglw by sets of Tangents and Ofl- 
sets: and Earthwork Tables to 80 feet deep, calculated for every 6 iotties in 
depth. By W. Davis Haskoll, C.E, With numerous Woodcuts. Fourth 
Edition, Enlarged. CYown 8vo, 12s. cloth. 

‘ ‘ The book ii very b.Midy, and the author might have added that the separate tables of slnc'j 
and tangents to every minute will make it useful for many other purposes, the genuine traverse 
tables existing all the same.’’— Athenaitm. 

* "Every person engaged in engineering field operations will estimate the importance of such a 
work and the amount of valuable nine which will be saved by reference to a set of reliable tables 
prepared with the accuracy and fulness of those given in this volume.”— Railway News, 

Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, 
C.E. With numerous Diagrams. i8mo, 2s. 6 d. cloth. 

"A great amount of practical information, very admirably arranged, and available for rough 
> estimates, as well as for the more exact calculations required m the engineer's and contractor’s 
offices.”— 

Strains in Ironwork, 

THE STRAINS ON STRUCTURES OF IRONWORK; with 

Practical Remarks on Iron Construction. By F. W. Sheilds, M< Inst. C.E. 
Second Edition, with 5 Plates. Royal 8vo, 5s. cloth. 

“The student cannot find a better little book on this subject.”— 

Cast Iron and other Metals, Strength of, 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST 
IRON AND OTHER METALS. By Thomas Tredgold, C.E. Fifth 
Edition, including Hodgkinson’s Experimental Researches. 8vo, sss. cloth. 
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Constirmtion, 

THE SCIENCE OF BUILDING : An ElementaryJreatise on 
the Principles of Construction. By E. Wyndham Tarn, II.A.1 Architect. 
. Second Edition, Revised, with 58 Engravings. Crown 8vo, 7s. 6d. Cloth. 

" A very valuable book, which we strongly recommend to all studeuts.”— 

"No architectural student should be without this handbook of constructional knowledge."— 
ArchUtct. 

Villa Architecture, 

A HANDY BOOK OF VILLA ARCHITECTURE: Being a 
Series of Designs for Villa Residences in various Styles. With Outline 
Specifications and Estimates. Bv C. Wickes, Architect, Author of "The 
Spires and Towers of England," &c. 61 Plates, 4to, 115. 6d. half-morocco, 
gilt edges. 

“ The whole of the designs bear evidence of their being the work of an artistic architect, and 
they will prove very valuable and suggestive."— News. 


Text^Boolc for Architects, 

THE ARCHITECTS GUIDE: Being a Text-Book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, Clerks of 
Works, &c. &c. By Frederick Rogers, Architect, Author of “ Specifica¬ 
tions lor Practical Architecture," &c. Second Edition, Revised and Enlarged. 
With numerous Illustrations. Crown 8vo, 6s. cloth. 

‘•As a text-book of useful information for ai hitects, engineers, surveyors, &c.. It would be 
hard to find a handier or more complete httle volui — Standard. 

“A young architect could hardly liave a better guide-book ."—Trades journal. 


Taylor and Cresy^s Rome, 

THE ARCHITECTURAL ANTIQUITIES OF ROME, 

the late G. L. Taylor, Esq., F.R.I.B.A., and Edward Crbsy, Esq. 

T'jiAr-— j u— au... ti a . ____«» * /_ 


By 

New 

- - # 


N.B.—This is the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient Rome in plan, 
elevation, and detail. r 

"Ttylor and Cresy's work has from its first publication been ranked among those professional 
books which cannot be bettered. ... It would be difficult to find examples of drawings, even 
among those of the most painstaMng students of Gothic, more thorouglily worked out than are the 
one hundred and thirty plates u- tills volume."— ArchtUci. 

Architectural Rrawiny, 

PRACTICAL RULES ON DR A WING, for the Operative Builfer 
and Young Student in Architecture. By George Pyne. With 14 Plates, 4to, 
7s. 6 d. boards. 

Civil Architecture, 

THE DECORATIVE PART OF CIVIL ARCHITECTURE. 
By Sir William Chamsers, F.R.S. With Illustrations, Notes, and an 
Examination of Grecian Architecture, by Joseph Gwilt, F.S.A. Edited by 
W. H. Leeds. 66 Plates, 4to, sis. cloth. 

House Building and Repairing, 

THE HdUSE-OWNER'S ESTIMATOR ; or, What will it Cost 

lo Build, Alter, or Repair? 
fessional People, as well 
the late James D. Simon 

Miller, A.R.I.B.A. With numerous Illustrations. ' Third lldition, Revised^ 
Crown 8vo, 3s. 6 d. cloth. 

** In two years it will repay its cost a hundred times over"—FfeW. 

'• A very liandy English Mechanic, 
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Designing, Measuring, and Valuing^ 

THE STUDENTS GUIDE to the PRACTICE of MEASUR¬ 
ING AND VALVING ARTIFICERS' tTOSifS. Containing Directions for 
taking Dimensions, Abstracting the same, and bringing the Quantittea into 
Bill, with Tables of Constants, and copious Memoranda for the Valuation of 
Labour and Materials in the respective Trades of firicklajrer and Slater, 
Carpenter and Joiner, Painter and Glazier, Paperbanger, &c. With 8 Plates 
and 63 Woodcuts. Originally edited by Edward Dobson, Architect, Fifth 
Edition, Revised, with considerable Additions on Mensuration and Construc¬ 
tion, and a New Chapter on Dilapidations, Repairs, and Contracts, by E. 
Wyndham Tarn, M.A. Crown Bvo, 95. cloth. 

“ Well fulfils the promise of its title*p!^e, and we can thoroughly recommend It to the class 
'or whose use it has been compiled. Mr. Tarn's additions and revisions have much increased the 
l&ofulness of the work, and have especial!/ augrocuted its value to studants."—£rr^Megri/fg. 

“The work has been carefully revised and edited by Mr. H.'Wyndham Tarn, M.A., and com- 
irises several valuable additions on construction, inensiration, diIa}ndations and repairs, and other 
natters. . . . This edition will be found the most complete treatise on the principles of measur- 
ng and valuing artificers' work tliat has yet been published.”— 


Pocket Mstimator and Technical QvAde, 

THE POCKET TECHNICAL GUIDE, MEASURER AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. Containing Tech- 
nical Directions for Measuring Work in all the Building Trades, with a 
Treatise on the Measurement of Timber and Complete Specifications for 
Houses, RoadSj and Drains, and an easy Method of Estimating the various 
parts of a Building collectively. By A. C, Beaton, Author of “ Quantities 
and Measurements,'’ &c. Fourth Edition, carefully Revised and Priced 
according to the Present Value of Materials and Labour, with S3 Woodcuts, 
leather, waistcoat-pocket size, is. 6 d. gilt edges. 

“No builder, .ircliitect, surveyor, or valuer should be without his' Boaton’s Guide.’"— 
'rUtidtfitr News. 

" Contains an extraordinary amount of inform.atiun in daily roqui'iition iii measiiring and 
stiraatiiig. Its presence iii the pocket will save -valuable time .and troiilile.”~jV«»/,/j«'jf iyor/d. 

" All exceedingly handy pocket companion, ihorouglily reliable.”— U'eckiy Reporier. 
“ This neat little compendium contains ait that is requisite in c,irrymjf out contracts for 
ccavatiiig. tihiig. bricklaying, ijaving, acc.“—Briiu/t Trade ytmrnal. 


Donaldson on Specifications, 

THE HANDBOOK OF SPECIFICATIONS; or. Practical 

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing up 
Specifications and Contracts for Works and C^structions, Illustrat^ by 
Precedents of Buildings actually executed by eminent Architects and^n- 
gineers. By Professor T. L. Donaldson, P.R.I.B.^., &c. New Edition, in 
One large Vol., 8vo, with upwards of 1,000 pages of Text, and 33 Plates, 
jfi IIS. 6 d. cloth. 

“ In this work forty-four specifications of executed works are given, Including the specifica- 
ons for parts of the new Housc.s of Parliament, by Sir Charles Barry, and for the new Royal 
xcnaiigc, by Mr. Tite, M.P. Th- latter, in particular, is a very complete and remarkable 
ocumenl. , It embodies, to a great extent, as Mr. Donaldson mentions, ‘the bill of quantities 
ith the description of the works.’ ... It Is valuable as a record, and more valuable still as a 
00k of precedents. . . . Suffice it to say that Donaldson's ‘Handbook of SpeLifications' 
lUSt be bought by all architects.''— 


Bartholomew and Mogers* Specifications, 
SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 

A Guide to the Architect, Engineer, Surveyor, and Builder. With an Essay 
on the Structure and Science of Modern Buildings. Upon the Basis of the 
Work by Alfred E,vEtholomew, thoroughly Revised, Corrected, and greatly 
added to by Frederick Rogers, Architect. Second Edition, Revised, witn 
Additions. With numerous Illusts., medium 8vo, 15s. cloth. 

“ The collection of specifications prepared by Mr. Rogers on the baste of Bartholomew’s work 
too well known to need any recommendation from us. It is one of the books with wMch every 
luiig architect must be equipped : for time has’sliown that the spedfications cannot be set aside 
ir»i«h any defect in Architect. 

“Good forms for specifications are of considerable value, and it was an excellent idea to coro- 
le a work on the subject upon the baste of the late Alfred Bartholomew's valuable work. The 
cond edition of Mr. Rogers’s book is evidence of thq want of a book dealing with innrl*,rn —- 

,iFon,w,tc on/1 motonolo"'-AT-n- 
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Geometvy for the A.rchitect, Engitteerf etc, 

PRACTICAL GEOMETRYy for the Architect, Engineer and 
Mechanic. Giving Rules for the Delineation and ^plication of various 
Geometrical Lines, Figures and Curves. By E. W. Tarn, M.A., Architect, 
Author of “The Science of Building," &c. Second Edition. With Appen¬ 
dices on Diagrams of Strains and Isometrical Projection. With lya Illus¬ 
trations, demy 8vo, gs, cloth. 

“ No book with the same objects in view has ever been published in whicn the clearness of the 
rules laid down and the illustrative diagrams have been so satisfactory."— 

" This is a manual for the practical man, whether architect, engineer, or mechanic. . - , The 
object of the author being to avoid all abstruse formulae or complicated methods, and to enable 
persons with but a iiiuderatc knowledge of geometry to work out the problems required."— i.ngUsh 
Mechanic. 

The Science of Geometry. 

THE GEOMETRY OF EOMPASSES: or, Problems Resolved 
by the mere Description of Cinles, and the use of Coloured Diagrams and 
Symbols. By Oliver Byrne. Colourc^d Plates. Crown 8vo, 3s. 6a. cloth. 

“ The treatise is a good one, and remarkable—like nil Mr Byrne’s contributions to the science 
of geometry—for the lucid character of its teaching. ”— iluxldittf' News. 


DECORATIVE ARTS, etc. 


Woods and Marbles (Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF WOODS 

AND MARBLES, as Taught and Practised by A. R. Van der BuRG and P. 
Van der Burg, Directors of the Rotterdam Painting Institution. Royal folio, 
iSi by 12^ ia., Illustrated with 24 full-size Coloured Plates; also 12 plain 
Plates, comprising 154 Figures. Second and Cheaper Edition. Price £1 iis.Qd, 


List of Plates. 


X. Various Tools required for Wood Painting 
—a, 3. Walnut. Preliminary Stages of Graining 
and Finished Specimen — 4. Tools used for 
Marble Painting and Method of Manipulation— 
5. 6. St. Remi Marble; Harlicr Operations and 
Finished Speciiiien—7. Methods of .Sketching 
different Grains, Knots, < 5 rc —8. g. Ash: Pre- 
liiiiinary Stages and Fmislied Specimen —10. 
Methods of Sketching Marble Grams—ri, 19. 
Ureclie Marble Preliminary Stages of Working 
and Fmished Specimen—13. Maple; Methods 
of Producing the different Grains-i 14,15. Bird’s 
eye Maple: Preliminary St^es and Fmished 
Specimen—*6, Methods of Sketching the dif¬ 
ferent Species of White Marbl*—17,18. White 
Marble: Preliminary Stages of Process and 


Finished Specimen—10. Mahogany: Specimens 
of various Graiicsand Methods of Manipulation 
— 30 , SI. Mahogany: Earlier Stages and Finished 
Specimeu—as, 33, 34. Sienna Marble: Varieties 
of Grain, Freliiiimary Stages and Finished 
Specimen—35, 36, 27. Juniper Wood: Methods 
of producing Grain, &c.: I’rcliminary Stages 
and Finished Specimen—aS, ag, 30. Vert tie 
Mcr Marble. Varieties of Gram and Methods 
of Working Unfinished and Finished l^cci- 
mens—^31. 32 3s. Oak : Varieties of Crain, 'Tools 
Employed, and Methods of Maiupulation, Pre¬ 
liminary Stages and Finished Specimen—34, 35, 
36. Waulsort Marble; Varieties of Grain, Ui^ 
finished and Finished Specimens. 


Opinions of the Press. 

" Those who desire to attain skill in the art of painting woods and marbles will find advantage 
In consulting this book. . . . Some of the Working Mon's Clubs should give their young inen 
the opportunity to study it.’’— Builder. 

" A comprehensive guide to the art. The explanations of the processes, the manipulation and 
management of the colours, and the beautifully executed plates will not be the least valuable to the 
student who aims at making his work a faithful transcript of natwre."—Buildin£' News. 

" Students and novices are fortunate who aru able to become the possessors of so noble a 
work, "—A rckitect. 


Mouse Decoration. 

ELEMENTARY DECORATION. A Guide to the Simplei 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration of 
Dwelling Houses, &c. By James W. Facey, Jun. With 68 Cuts, igmo, as. 
cloth lihap. 

“Asa technical guide-book to the decorative painter it will be found reliable .”—Building News. 

PRACTICAL HOUSE DECORATION ; A Guide to the Art of 
Ornamental Painting; the Arrangement of Colqurs in Apartments, and the 
principles of Decorative Design. With some Remarks upon the Nature and 
Properties of Pigments. By James William Facey, Author of “ Elementary 
Decoration,’’ &c. With numerous Illustrations. lamo, sa.M. cloth limp. 
N.B.-^The above Two Works together in One Vol,, strongly half-bound, 5«, 
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Colour, 

A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, Revisedi Enlargedi 
and adapted to the use of the Ornamental Painter and Designer. By Ellis 
A. Davidson. With New Coloured Diagrams and Engravings. lamo, 34. 6d. 
cloth boaids. 

"The book is a rttobt useful resutne of the properties of pigments."— 

House Fainting, Graining, etc, 

HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING, A Practical Manual of. By Ellis A. Davidson, Fifth Edition. 
With Coloured Plates and Wood Engravings. lamo, 6s. cloth boards. 

'• A mass of mforraattc-ii, of use to the amateur and of value to the practical man."— English 
Mfrhamc. • 

" Simply invaluable to the yrmnifster enloriii-j upnnUthls particular calling', and highly service- 
■ible to the man who is practising it ."—Furniture OascUe. 

Decorators, Iteceipts for, 

THE DECORATOR'S ASSISTANT; A Modern Guide to De¬ 
corative Artists and Amateurs, Painters, Writers, Gilders, &c. Containing 
upwards of 600 Receipts, Rules and Instructions ; with a variety of Informa¬ 
tion for General Work connected with every Class of Interior and Exterior 
Decorations, &c. 152 pp., crown 8vo, is. in wiappei. 

" Full of rStvipts of value to detorators, painters, gilders, &c. The book eont,iius the gust of 
i.irger treatises on colour and tcclinictal protesses. It would be difficult to meet with a work so full 
of varied informatum on the painltr’s art Huilding Xews 

We recommend the work to all who, whether for pleasure or profit, require a guide to decora¬ 
tion ."—IHuinber and Decorator. „ 


JMLoyr Smith on Interior Decoration. 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN. 

By J. Moyr Smith. Super-royal 8vo, with 32 full-iiagc Plates and numerous 

smaller Illiists., handsomely bound in cloth, gilt top, price i8s. lyust published. 

I.S' /« “Ornamental Interiors” the designs of more than thirty artist- 
decorators and architects of high standing have been illustrated. The book may 
therefore fairly claim to give a good general view of the works of the modern school 
vf decoration, besides giving characteristic examples of earlier decorative arrange¬ 
ments. 

“Ornamental Interiors” gives a short account of the styles of Interior 
Decoration as practised by the Ancients in Egypt, Greece, Assyria, Rome and Byzan¬ 
tium. This part is illustrated by characteristic designs. The main body of the 
work, however, is devoted to the illustration of the modem styles of Decorative .^rt, 
and many examples are given of decorative designs suitable for modern Dintng- 
liooms, Drawmg-Rooms, Libraries, Staircases and flalk, Parlours, Studies and 
Smoking-Rooms. The Decoration of Public Buildings ts illustrated by views of the 
chief I State Apartments in Buckingham Palace and Windsor Castle, the Salle de 
Leys at Antwerp, the Salle de Manages at Brussels, and of other works which have 
distinctive features suitable for *hc purpose. 

Opinions of the Press. 

" The book is well illustrntccl and handsomely got up. and contains some true criticism and a 
rood many good excunples of decorative tre,atiiieiit ”—The DuilMr 

“ We can greatly commciid Mr Moyr Smith’s book, for it is tlie production of one professedly 
c.apable in decorative work, and abounds with useful hints and descriptions of executed modern 
work, together with a well-put r'erwwrr of ancient styles. . . . As muck .i book for the drawing. 

room as for the ni.muf.icturer."—r/i« A'>-iAjtA Wr-rAj/fcr. , , . _ 

“ Well htted for the dilettante, amateur, and professirmal designer —Deioratton. _ 

• " This Is the most ekiborate, and beautiful work on the artistic decoration of interiors that we 

have seen . . The scrolls, panels and other designs from the authors own pen are very 

beautiful and chaste ; but he takes care tliat the designs of other men shaU figure even more than 
hiis own "—Liverpool AIbiot.. ... . , . 

“ To all who take an interest in elaborate domestic ornament this handsome volume will be 

welcome.”— Graphic. _ . ... , j l 

" Mr Moyr Smith deserves the thanks of art workers for having placed within their reach a 
book tlu-K seems eminently adapted to afford, by example and precept, that guidance of which 
most cr.iftsmen stand in ixcoA. '—Furniture Gazette. 


British and Foreign Marbles. 

MARBLE DECORATION and the Terminology of British and 
Foreign Marbles. A Handbook for Students. By George H. Blagrove, 
Author of'' Shoring and its Application,” &c. With 28 Illustrations. Crown 
Bvo, 3S. bd. cloth. published. 

c 
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■ DELAMOTTE’S WORKS ON ILLUMINATION AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use of 
Beginners : with a Rudimentary Treatise on the Art, Practical Directions for 
its exercise, and Examples taken from Illuminated MSS., printed in Gold and 
Colours. By F. Dklamotts. New and Cheaper Edition. Smu.ll 4t0, 6s. orna" 
mental boards. 

“ The examples of ancient MS.S. recommendetl to the student, which, with much Mod semse, 
the author chooses from collections accessible to all, are selected with judgment and knowledge, 
as well as lasttt.''—Athenteum. 

ORNAMENTAL ALPHABETS, Ancient and Medieval, from the 

Eighth Century, with Numerals ; including Gothic, Church-Text, large and 
small, German, Italiam Arabesque, Initials for Illumination, Mono^ams, 
Crosses, &c. &c., for the use of Architectural and Engineering Draughtsmen, 
Missal Painters, Masons, Decorative Painters, Lithographers, Engravers, 
Carvers, &c. &c. Collected and Engraved by F.Delamotte, and printed in 
Colours. New and Cheaper Edition. Royal Svo, oblong, as. 6 d. ornamental 
boards. 

"For those who Insert enamelled sentences round gilded chalices, who blazon shop legends oven 
shop-doors, who letter church walls with pithy sentences from the Decalogue, this book will be use¬ 
ful."— At/tenceum, 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental: 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, 
Court Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; 
with several Original Designs, and an Analysis of the Roman and Old English 
Alphabets, large and small, and Numerals, for the use of Draughtsmen, Sur¬ 
veyors, Masons, Decorative Painters, Lithographers, Engravers, Carvers, &c. 
Collected and Engraved by F. Delamotte, and printed in Colours. New 
and Cheapei Edition, Royal Svo, oblong, as. 6 d. ornamental boards. 

“There Is comprised in it every possible shape into which the letters of the alphabet and 
numer.ds can be formed, And the talent which has been expended lit the conception of the various 
plain and ornamental letters is wonderful.”—i’towrforrf. 

M EDI MV A L ALPHABETS AND INITIALS FOR ILLUMI¬ 
NATORS. By F. G. Delamotte. Containing ai Plates and Illuminated 
Title, printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Fourth and Cheaper Edition. Small 4to, 4s. ornamental boards, 

“ A volume in which the letters of the alphabet come forth glorified in gilding andall the colours 
of the prism interwoven and intertwined and inlerniingled."— Sun, 

THE EMBROIDERER'S BOOK OF DESIGN. Containing 
initials, Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesiastical 
Devices, Mediaeval and Modern Alphabets, and National Emblems. Col¬ 
lected by F. Delamotte, and printed in Colours. Oblong royal Svo, is. 6d. 
ornamental wrapper. 

" The book will be of groat assistance to ladies and young children who are endowed with the 
art of plying the needle in this most omatuental and usefiil pretty work .”—JEast Anglian 

Wood Carving, 

INSTRUCTIONS IN WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Laov. With Ten large Plates, su. 6d. in emblematic 
wrapper. 

" The handicraft of the wood-carver, so well as a book can Impart lb may be leirnt from ' A 
Lady’s’publication.”— Aihentfum. 

The directions given are plam and easily understood.”— English Mechanic. 

Glass JPainting, 

GLASS STAINING AND THE ART OF PAINTING ON 
GLASS. From the German of Dr. Gessert and Emanuel Otto Frombero. 
With an Appendix on The Art of Enamelling, ismo, zs. 6 d. cloth limp. 

Letter Painting, 

THE ART OF LETTER PAINTING MADE EASY. By 
Jambs Grkig Badenoch. With la full-page Engravings of Examples, is. cloth 
limp. 

The System Is a simple one, but quite original, and well worth the careful attention of letter- 
painters. It can be easily mastered and remembered.”— News, 
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CARPENTR Y, T IMBER, etc. 

Tredgold^s Carpentry, Enlarged by Tarn, 

THE ELEMENTARY PRINCIPLES OF CARPENTRY. 

A Treatise on the Pressure and Equilibrium of Timber Framing, the Resist¬ 
ance of Tjmber, and the Construction of Floors, Arches, Bridges, Roofs, 
Uniting lro%and Stone with Timber, &c. To which is added an Essay 
on the Nature and Properties of Timber, &c., with Descriptions of the kinds 
of Wood used in Building; also numerous Tables of the Scantlings of Tim¬ 
ber for different purposes, the Specific Gravities of Materials, &c. By Thomas 
Tredgold, C.E. With an Appendix of Specimens of Various Roofs of Iron 
and Stone, Illustrated, Seventh Edition, thoroughly revised and considerably 
enlarged oy E. Wvndham Tarn, M.A,, Author of “The Science of Build¬ 
ing,” &c. With 61 Plates, Portrait of the Author and several Woodcuts. In 
one large vol., 4to, price £i 5s, cloth. & ' 

“Ought to be in every architectand every builder's libraty.’’—ffui/tier. 

" A work whose monumental excellence must conuneud it wherever skilful carpentry is con¬ 
cerned. The author's principles are rather confirmed than unpaired by time. 1 lie additional 
'plates are of great intruisic value."— Neivs, 

Woodworking Machinery. 

WOODWORKING MACHINERY: Its Rise, Progress, and Con¬ 
struction. With Hints on the Management of Saw Mills and the Economical 
Conversion of Timber. Illustrated with Examples of Recent Designs by 
leading English, Fiench, and American Engineers. By M. Powis Bale, 
A.M. Inst. C.E., M.I.M.B, Large crown 8vo, las. 6d. cloth. 

“ Mr. Bale is evidently sn expert on the subject, and he has collected so much Information that 
his book IS .rU-sufheient for builders and others engaged in the conversion of timljcr.”— Architect. 

"The most comprehensive compendium ol wood-working machinery we have seen. The 
author IS a thorough master of bis subject."— Building News. 

" The appearance of this book at the present time will, we should think, give a considerable 
impetus to the onward march of the machinist engaged in the designing and manufacture of 
wood-working machines. It should be m the office of every wood-working fa-ctoiy."—English 
Mechanic. 

Saw Mills. 

SAW MILLS: Their Arrangement and Management, and the 
Economical Conversion of Timber. (Being a Companion Volume to “ Wood¬ 
working Machinery.”) By M. Powis Bale, A.M. lust. C.E., M.I.M.E. 
With numerous Illustrations. Crown 8vo, los. 6 d. cloth, 

" The admintstrahon of a large sawing establishment is discussed, and the subject examined 
from a financial standpoint. Hence the sue, shape, order, and disposition of saw-mills and the 
like are gone into in detail, and the course of tlie timber is tnaced from its reception to its 
delivery in its converted state. 'We could not desire a more complete or practical treatise."— 
Builder. • 

“ We highly recommend Mr. Bale's work to the attention and perusal of all those who ye en¬ 
gaged in the art of wood conversion, or who are about building or reinodclluig saw-mills on im¬ 
proved ptiaciples."~Butleitng News. a 

Carpentering. 

THE CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
•centers; comprising all the Elementary Principles essential for acquiring a 
knowleage of Carpentry Founded on the late Peter Nicholson’s Standard 
Work. A New Edition, revised by Arthur Ashpitel, F.S.A. Tc«ether 
with Practical Rules on Drawing, by George Pywb, With 74 Plates, 
4to, £1 IS. cloth. 

Handrailing, 

A PRACTICAL TREATISE ON HANDRAILING : Showing 
• New and Simple Methods for Finding the Pitch of the Plank, Drawing the 
Moulds, Bevelling, Jointing-up, and Scaring the Wreath. By George 
ColliNGS, Illustrated with Plates and Diagrams. lamo, is. 6d. cloth limp. 
“ Will be found of practical utility in the execution of this difficult branch of joinery."— Builder. 
“ Almost every dimcult phase of this somewhat intricate branch of joinery s elucidated by the 
aid of plates and explanatory letterpress."— Furniture Gatette. 

Circular Work, 

CIRCULAR WORK IN CARPENTRY AND JOINERY: A 
Practical Treatise on Circular Work of Single and Double Curvature. By 
George Collings, Author of '* A Practical Treatise on Handrailing." Illus¬ 
trated with numerous Diagrams, ismo, 2S. 6 d. cloth limp, ljust pitblisked. 

' An excellent example of wh.’it a book of this kind should be. Cheap in price, dear In defini¬ 
tion, and practical in the examples selected.”—Builder. 
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Timber Merchants Companion, 

THE TIMBER MERCHANT'S AND BUILDEWS COM¬ 
PANION. Containing New and Copious Tables of the Reduced Weight and 
Measurement of Deals and Battens, ot all sizes, from One to a Thousand 
Pieces, and the relative Price that each size bears per Lineal Foot to any 
given Price per Petersburg Standard Hundred ; the Price per Cube Foot of 
Square Timber to any given Price per Load of 50 Feet; 4 he proportionate 
Value oi Deals and Battens by the Standard, to Square Timber by the Load 
of 50 Feet; the readiest mode of ascertaining the Price of Scantling per 
Lineal Foot of any size, to any given Figure per Cube Foot, &c. &c. By 
WiLLiA^f Dowsing. Fourth Edition, Revised and Corrected. Cr. 8vo, 3s. cl. 
"Every timber merchant and builder ought to possess it."— Hull Adverttser. 

" We are glad to see a fourth edition of tliese adimralile tallies, which for correctness and 
simplicity of arrangement leave nothing to be desired ”—Ttinher Fradei Journal. 

“An excecdirmly ivcll-arrangtcl, clear, and concise manual of tables for the use of all who buy 
or sell timber."— Journal of Forestry. I 

Practical Timber Merchant, 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 

for the use of Building Contractors, Surveyors, Builders, &c., comprising 
useful Tables for all purposes connected with the Timber Trade, Marks or 
Wood, Essay on the Strength of Timber, Remarks on the Growth of Timber, 
&c. By W. Richardson. Fcap 8vo, 3s. 6 d. cloth. 

" This handy inauu.al contains much valuable information for the use of timber merchants, 
builders, foresters, and all others connected with Uie growtli, sale, and manufacture of tunber.' — 
Journal of Forestry. 

Timber Freight FooTc. 

THE TIMBER MERCHANTS, SAW MILLER'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. Comprising Rules, 
Tables, and Memoranda relating to the Timber Trade. By William 
Richardson Timber Broker; together with a Chapter on ‘‘Speeds or Saw 
Mill Machintcry," by M. Powis Bale, M.I.M.E.. &c. izmo, 3s. 6 d, cl. boards. 

" A very useful manu.'il of rules, t.ibles, and memoranda, relating to the timber trade. We re¬ 
commend It as a compcnduim of calculation to all timber measurers and merchants, and as supply¬ 
ing a real want in tlie trade."— Building News. 

Facicing-Case Makers, Tables for, 

PACKING-CASE TABLES; showing the number of Super¬ 
ficial Feet in Boxes or Packing-Cases, from six inches square and upwards. 
By W. Richardson, Timber Broker. Second Edition. Oblong 4to. 3s. 6 d. cl. 
"Invaluable labour-saving tables.”— /ron>non£-er. "Will save much labour."-—Cpt)«r, 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA¬ 
SUREMENT. Tables calculated from i to 200 inches in length, by i to 108 
inches in breadth. For the use of Architects, Surveyors, Engineers, Timber 
Merchants, Builders^ &c. By James Hawkings. Third Edition. Fcap,, 
3s. fid. cloth, ' 

" A useful collection of tables to facilitate rapid calculation of surfaces. The exact area of any 
surface of which the limits have been .iscertained can be instantly determined. The book will be 
found of the greatest utility to all engaged in building operations."—StvrsmaM. 

Forestry, 

THE ELEMENTS OF FORESTRY. Designed to afford In- 
formation concerning the Planting and Caro of Forest Trees for Ornament or 
Profit, with Suggestions upon the Creation and Care of Woodlands. By F.B.> 
Hough. Large crown 8vo, los. cloth. 

Timber Importer’s Guide, 

THE TIMBER IMPORTER'S, TIMBER MERCHANTS AND 

BUILDER'S STANDARD GUIDE. By Richard E. Grandy. Compris¬ 
ing an Analysis of Deal Standards, Home and Foreign, with Comparative 
Values and Tabular Arrangements for fixing Nett Landed Cost on Baltic 
and North American Deals, including all intermediate Expenses, Freight, 
Insurance, &c. &c. Together with copious Information for the Retailer and 
Builder. Third Edition, Revised, izmo, 2 s. 6d. cloth boards. 

“Everything It pretends to be: built up gradually, It leads one from a forest to a treenail, and 
throw in, as a makeweight, a host of matcrim concerning bricks, columns, cisterns, .ffitg-ftrA 
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NAVAL AR CHITECTURE, NAVIGATION, etc. 

NAVAL ARCHITECTURE, NAVIGATION, etc. 

Chain Cables* - 

CHAIN CABLES AND CHAINS. Comprising Sizes and 
Curves of Links, Studs, &c., Iron for Cables and Chains, Chain Cable and 
Chain Making, Forming and Welding Links, Strength of Cables and Chains, 
Certificated for Cables, Marking Cables, Prices of Chain Cables and Chains, 
Historical N(ftes, Acts of Parliament, Statutory Tests, Charges for Testing, 
List of Manufacturers of Cables, &c. &c. By Thomas W. Trails, F.E.R.N., 
M. Inst. C.B., Engineer Surveyor in Chief, Board of Trade, the Inspector 
of Chain Cable and Anchor Proving Establishments, and General Superin¬ 
tendent, Lloyd's Committee on Proving Establishments. With numerous 
Tables, Illustrations and Lithographic Drawings. Folio, £2 as. cloth, 
bevelled boards. 

*' Tlie author writes not only with a full acquaintance with acientific fonnulse and details, but 
also with a urofound and fuliy-instructed sciuse of the •nportance to the safety of our ship* and 
sailors of fineiity in the manufacture of cables."— ^thetneu 7 n. 

The business of chain i.iblc making- is well explained ami illustrated. AVe can safely recom¬ 
mend this work to .ill ill any way uoimected with the manufacture of chain cables and chains, as a 
good book."— NaUirt. 

•• It contains a v.ist amount of valuable inform.ition. Nothing seems to be wanting to make it 
,a complete and standard work of reference uii the subject ."—Nauitcal 

JPoeJeet-Booh for Naval Architects and Shipbuilders* 

THE NAVAL ARCHITECT’S AND SHIPBUILDER’S 
POCKET-BOOK of Formula,Rules,and Tables,and MARINE ENGINEER'S 
AND SURVEYOR'S Handy Book of Reference. By Clement Mackrow, 
Member of the Institution of Naval Architects, Naval Draughtsman. Third 
Edition, Revised. With numerous Diagrams, &c. Fcap., las. Qd. strongly 
bound in leather. 

"Should be used by all who are engaged in the construction or design of vessels. . . . Will 
be found to contain the most useful tables and formula; required by shipbuilders, rarcfally collected 
from the best authorities, and put togetlicr iii a popular and simple forHi."— hnsitieer. 

" The professional shipbuilder luis now, in .1 convenient and accessible form, reliable data for 
solving many of the numerous problems that present tliemselvus ni the course of his work."— /ron. 

"There IS scarcely a sulijeit on which a naval architect or shipbuilder can require to refresh 
ills inemory which -will not be found within the covers ol Mr. Mackrow's book.”— Etij'hsA Meeftanu, 

JPochet-Book for Marine Engineers, 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MVLM FOR MARINE ENGINEERS. By Frank Proctor, A.l.N.A. 
Third Edition. Royal 32mo, leather, gilt edges, with strap, 4s. 

"We recommend it to our readers as going far to supply a long-felt want ,”—Naval Science. 

"A most useful companion to all marine engineers.’'— l/nited^ervtcc Ga»eite, 

lAghthouses. 

EUROPEAN LIGHTHOUSE SYSTEMS* Being a Report of 

a Tour of Inspection made in 1873. By Major George H. Elliot, Corps of 
Engineers, U.S.A. Illustrated by 51 Engravings and 31 Woodcuts. 8vo, 
»2is. cloth. _ 

The following are pubhshed in Wkai.k's Rudimentary Series. 

MASTING. MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fifteenth Edition, igmo, 2s. 6 d. cloth boards. 

SAILS AND SAIL-MAKING. Eleventh Edition, Enlarged, with 
an Appendix. By Robert Kipping, N.A. Illustrated. i2mo, 3s. cloth boards. 
'NAVAL ARCHITECTURE. By Tames Peake. Fifth Edition, 
with Plates and Diagrams. i2mo, 45, cloth boards. 

MARINE ENGINES AND STEAM VESSELS {A Treatise on). 
By Robert Murray, C.E,, Principal Officer to the Board of Trade for the 
East Coast of Scotland District. Eighth Edition, thoroughly Revised, with 
considerable Additions, by tho Author and by George Carlisle, C.E., 
Senior Surveyor to the Board of Trade at Liverpool, igmo, s*. cloth boards. 

PRACTICAL NA VIGATION. Consisting of The Sailor's Sea- 
Book, by Jas. Greenwood and W. H. Rosser ; together with the requisite 
Mathematical and Nautical Tables for the Working of the Problems, by 
Henry Law, C.E, and Prof. J. R, Young. Illustrated x2mo,7s. half-bound. 
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MINING AND MINING INDUSTBIES. 


Metalliferous Mining, 

BRITISH MINING: A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mtnes in the United King¬ 
dom. ^ Robert Hunt, P.R.S., Keeper of Mining RiKords; Editor of 
“ Ure’s Dictionary of Arts, Manufactures, and Mines," flic. Upwards of 950 
pp., with 230 Illustrations. Second Edition, Revised. Super-royal 8vo, ^2 2s. 
cloth. Ifust published. 

Opinions of the Press. 

" One of the most valuable works of reference of modern times. Mr. Hunt, as keeper of mining 
records of tlie United Kingdom, has had opportunities for such a task not enjoyed by anyone else, 
and has evidently made the most of them. . . . The language and style adopted are good, and 
the treatment of tlie various subjeflis labor^is, conscientious, and scientific."— BtigineertHg'. 

"Probably no one in this country was better qualified than Mr. Hunt for undertaking such a 
work. Brought into frequent and close association during a long life-time with the principal guar¬ 
dians of our mineral and metallurgical industries, he enjoyed a position exceptionally favourable 
for collecting the necessary mforiiiation. The use which ne has made of his opportunities is suffi¬ 
ciently attested by the dense mass of information crowded into the handsome volume which has 
just been published. ... In placing before the reader a sketch of the present position of 
British Mining, Mr. Hunt treats his subject so fully and illustrates it so amply that this section really 
fonns a little treatise on practical niiiung. . . . The book is, 111 fact, a treasure-house of statistical 
Information on mining subjects, and we Know of no other work embodying so great a mass of matter 
of this kind. Were this the only merit of Mr. Hunt's volume it would lie sufficient to render it 
indispensable in the library of everyone interested m the development of the mining and metallur¬ 
gical mdustnes of this country," — Athemrutn, 

"A mass of information not elsewhere available, and of tho greatest value to those who may 
be interested in our great ramoral industries "— Engineer, 

" A sound, business-like collection of interesting facts. . . . The amount of information 
Mr. Hunt has brought together is enunnous. , . . The volume appears likely to convey more 
instruction upon the sulneit than any work hitherto published.”— yournal. 

"The work will be for the ntiniiig industry what IJr. Percy’s celebrated treatise has been for the 
metallurgical—3 book that cannot with advantage be omitted from the hbrary,"- Irm attd Coat 
Trades Rernew. 

"The literature of mining has hitherto possessed no work approaching in importance to that 
which has Just been published. There is much in Mr. Hunt’s valuable work that every shareholder 
in a mine should read with close attention. The entire subject of practical mining—from the first 
search for the lode to the latest stages of dressing the ore—is dealt with in a masterly manner.’’ 
—Academy. 

Coal and Iron, 

THE COAL AND IRON INDUSTRIES OF THE UNITED 

KINGDOM. Comprising a Description of the Coal Fields, and of the Princi¬ 
pal Seams of Coal, with Returns of their Produce and its Distribution, and 
Analyses of Special Va.'ieties, Also an Account of the occurrence of Iron 
©res in Veins or Seams; Analyses of each Variety; and a History of the 
Rise and Progress of jPig Iron Manufacture since the year 1740, exhibiting the 
Economies introduced in the Blast Furnaces for its Production and Improve¬ 
ment. By Richard Meade, Assistant Keeper of Mining Records. With 
Maps of the Coal Fields and Ironstone Deposits of the United Kingdom. 
8vo, £i 8s. cloth, , 

"The book is one which must find a place on the shelves of all interested in coal and iron 
production, and in the iron, steel, and other metallurgical industries."— Enj'meer. 

" Of this book we may unreservedly say that it is the best of its class which we have ever met. 
... A book of reference which no one engaged in tlie iron or coal trades sliould omit from bis 
library."— Iron attd Coal Trader Jiezne^u, 

"An exhaustive treatise and a valuable work of reference.”— yournal, , 

Prospecting for Cold and other Metals, 

THE PROSPECTOR'S HANDBOOK: A Guide for the Pro¬ 
spector and Traveller in Search of Metal-Bearing or other Valuable Minerals. 
By J. W. Anderson, M.A, (Camb.), F.R.G.S., Author of "Fiji and New 
Caledonia." Third Edition, Revised, with Additions. Small crown 8vo, 
3s. 6d. cloth, [^Just published. 

" Will supply a much felt want, especially among Colonists, in whose way are so often thrown 
many mmeralogical specimens the value of which it is difficult for anyone, not a specialist, to 
determine, 'The author has placed his instructions before his readers in the plainest possible 
terms, and his book is the best of its kind." — Engineer. ' 

"Howto find commercial minerals, and how to identify them when they are found, are the 
leading points to which attention is directed. The author has managed to pack as much bractic^ 
detail into bis pages as would supply material for a book three times its srzm,"—Mining yonmal. 

"Those toilers who explore the trodden or untrodden tracks on the Ihce of the glob® will find 
much that is useful to them In this 'boo\i."—Athena;um. 
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Mining Notes and Formnlce, 

NOTES AND FORMULM FOR ^MINING STUDENTS. By 

John Herman Merivale, M.A., Certificated Colliery Manager, Professor of 
Mining in the Durham College of Science, Newcastle-apou<Tyne. Second 
Edition, carefully Revised. Small crown 8vo, cloth, price as. 6d. 

[Just published. 

tS" This‘book consists of a collection of notes and formulas drawn from various 
sources, the authdi'ity being quoted in most instances. It is hoped that the work will 
be useful not only to students but to the profession. 

The principal sources of information upon mining matters are the Transactions 
of the various Engineering Societies to which the student, in most of our large towns, 
has access. A great many references to the most familiar of them are given, so that 
the student who wishes to follow up a subject may be in a positton to acquaint himself 
with details which could not be included in a work like this. 

The examples of the use of the formula, at the entf of the book, are merely given 
to assist students working without a teacher. * 

" Invaluable to anyone who is vvorkmg up for an examination on mining subjects .”—and 
Iren Trades Hevuiv. 

“ The author has done his work in an exceedingly creditable manner, and has produced a book 
that will be of s^ervico to students, and those who are practically eng.tged in mming operations."— 
Engineer. 

•' A vast amount of technical matter of the utmost value to mining engineers, .md of consider¬ 
able interest to students.”— Sthoolmaster. 

Mineral Surveying and Valuing, 

THE MINERAL SURVEYOR AND VALUER'S COMPLETE 

GUIDE, comprising a Treatise on Improved Mining Surveying and the Valua¬ 
tion of Mining properties, wtth New Traverse Tables. By Wm. Lintern, 
Mining and Civil Engineer. Second Edition, with an Appendix on “ Mag¬ 
netic and Angular Surveying," with Records of the Peculiarities of Needle 
Disturbances. With Four Plates of Diagrams, Plans, &c. lamo, 4$. cloth. 

[Just published. 

“An enormous fund of information of gre.st yournal. 

" Mr. Lintern's book forms a valuable and thoroughly trustworthy guide ."—Iren and Cial 
Trades Review. 

“ This new edition must be of the highest value to colliery surveyors, proprietors and mana¬ 
gers."—Co/frery Guardian. 

Metalliferous Minerals and Mining, 

TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davies, F.G.S., Mining Engineer, &c.. Author of “A 
Treatise on Slate and Slate Quarrying." Illustrated with numerous Wood 
Engravings. Fourth Edition. Crown 8vo, J2s.*6d. cloth, 

“Neither the practical miner nor the general reader interested in mines, can have a bet^book 
for his companion and his Mining Journal, ^ 

“ The volume is one winch no student of mineralogy should be without.”— Colliery Guardian, 
“ We are doing our reiiders a service in calling their attention to this valuable yioth''—Mining 
World. 

• “ A book that will not only be useful to the geologist, the practical miner, and the metallurgist, 
but also very interesluig to the, -ncral public."—/row. 

“As a history of the present state of mining throughout the world this book has a real value, 
and it suriphes an actual want, for no such information has hitherto been brought together within 
Such limited space."— Athtneeum. 

Earthy Minerals and Mining, 

A TREATISE ON EARTHY AND OTHER MINERALS 
AND MINING. By D. C. Davies, F.G.S. Uniform with, and forming a 
Companion Volume to, the same Author's " Metalliferous Minerals and 
Mining." With 76 Wood Engravings. Second Edition. Crown 8vo, las. 6d. 
cloth. 

“It is essentially a practical work, intended primarily for the use of practical men. . . . We 
do not remember to have mot with any English work on mining matters tliat contains tlio same 
amount of hiformation packed in equally convenient {ona,’’.—Academy, 

“ The book is clearly the result of many years' careful work and thought, and we should be 
inclined to rank it as among the very best of the handy technical and trades manuals which have 
recently appeared."—BritisA Quarterly Review. 

“Tiie volume contains a great mass of practical information, carefully methodised and pre¬ 
sented it a very intelligible shape."— Scotsman. 

“The subject matter of the volume will be found of high value by all—and they are a numer¬ 
ous class—who trade in earthy minerals,*'— 
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Underground Pumping Machinery, ^ 

• MINE DRAINAGE. Being a Complete and Practical Treatise 

on Direct-Acting Underground Steam Pumping Machinery, with a Descrip¬ 
tion of a large number of the best known Engines, their General Utility and 
the Special Sphere of their Action, the Mode of their Application, and 
their merits compared with other forms of Pumping Machinery. By Stephen 
Michell. 8 vo, 15s. cloth. 

“Will be highly esteemed by colliery owners and lessees, mining engineers, and students 
generally who require to be acquainted with the best means of securing the drainage of mines. It 
IS a most valuable work, and stanas almost alone lu tlte literature of steam pumping machinery."— 
Colliery Guardia?!. 

“ Much valuable information is given, so that the book is thoroughly worthy of an oxtensiv* 
circulation amongst practical men and purcliascrs of niachincry."— Minttiff journal. 

Mining Tools. 

A MANUAL OF MINING TOOLS. For the Use of Mine 
Managers, Agents, Studrfiits, &c, By William Moroans, Lecturer on Prac¬ 
tical Mining at the Bristol School of Mines, izmo, 3s. cloth'boards. 

ATLAS OF ENGRAVINGS to Illustrate the above, contain¬ 

ing 235 Illustrations of Mining Tools, drawn to scale. 4to, 4s. 6 d. cloth. 

“ Students in the scieiire of mining, and overmen, caiit.iins, managers, .iiid viewers may gain 
practical knowledge and useful hints by the study of Mr. Morg.niis’ manual."—f olhery Guardian, 

" A valuable work, winch will tend uiaterially to iiniirove our niiuiiig literature.”— Mining; 
youmal. 

Coal Mining. 

COAL AND COAL MINING: A Rudimentary Treatise on. By 

Sir Warington W. Smyth, M.A , F.R.S , &c., Chief Inspector of the Mines of 
the Crown. New Edition, Revised and Corrected. With numerous Illustra¬ 
tions. i2mo, 4S. cloth boards. 

“As an outline is given of every known coal-field in this and other countries as well as of the 
principal methods of working, die liuok will doubtlcbs interest a very large number of readers."— 
Mining' Journal, 

Huhterraneous Surveying. 

• SUBTERRANEOUS SURVEYING, Elementary and Practical 

Tiratiseon; with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated, izmo, 3s. cloth 
boards. ^ - - -- 

NATURAL AND APPLIED SCIENCE. 


Text JBoolc of Electricity. 

TflE STUDENTS 'TEXT.BOOK OF ELECTRICITY. By 

Henry M, Noad, Ph.D., F.R.S., F C.S. New Edition, caiefully Revised. 

With an Introduction And Additional Chapters, by W. H. Prkece, M.I.C.E., 

Vice-President of the Society of Telegraph Engineers, &c. With 470 Illustra¬ 
tions. Crown 8vo, 12J. cloth. 

“The original pl.m of this book has been carefully adhered to so as to make it a reflex of t'.,e 
existing state of electrit'.al science, aclafiti'd for students. . . . Discovery seems to Imve pro¬ 
gressed with marvellous strides ; nevertheless it has now apparently ceased, and practical applica¬ 
tions have commenced their career; and it is to give a faithful account of these tlidt this fresh 
edition of Dr. Noad's valuable text-book is launched forth."— Mxtratt/rom Introduction by JV. II. 
Prefer, h \q. 

“We can recommend Dr. Noad’s book for clear style, great range of subject, a good index, 
and a plethora of woodcuts. Such collections as the present are indispensable *'— Athenaum. 

“ Dr. Noad’s text-book has earned for itself the reputation of a truly scientific manual for the 
student of elcctricitj, and we gladly hail this new amciidrcl edition, which brings it once more to 
tlie front. Mr. Preece as reviser, with the assistance of Mr. H. R. Kempe and Mr. I. P, Edwards, 
has added all the practical results of recent invention and research to the admirable tlieoretical 
expositions of the author, so that the book is about as complete and advanced os it is possible for 
any book to be within the limits of a text-book."— 7 c/cg-ra/Ai'c Journal. 

Electricity, 

A MANUAL OF ELECTRICITY: Including Galvanism, Mag- 

nettsm, Dia-Magnetism, Electro-Dynamics, Magno-Electncity, and the Electric 

Telegraph. By Henry M. Noad, Ph.D., F.R.Sb F.C.S. Fourth Edition. 

With 500 Woodcuts. 8vo, £i 4s. cloth. 

“The accounts given of electricity and galvanism are not only complete in a scientific sense 
but, which IS a rarer thing, are popular and interesting."— Lancet, > 

“ It is worthy of a place in the library of every public institution,”— Mining Journal. 
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Electee JAghU 

ELECTRIC LIGHT : Its Prodwtion and Use. Embodying Plain 
Directions for the Treatment of Voltaic Batteries, Electric Lamps, and 
Dynamo*£lectric Machines. By J, W. Urquhart, C.E., Author of “ Electro¬ 
plating." Second Edition, with large Additions and 128 lllusts. 7s. 6 d, cloth. 

“The book Is by far the best that we have jjet met with on the subject.”— Athtnecum. 

“It IS the only work at present available which gtvev, in lanRuago intelligible for the most part 
a the ordinary readei^ a general but concise history of the means wliich have been adopted up to 
lie piesent time m pAducing the electric h0A''—Jaetropoliiaft. 

‘Thi- book conwiiis a general account of the means .iclopted in producing the electric light, 
ot only as obtained from voltaic or galiaiiic batteries, but treats at length of the dynamo-elcctric 
lacliiiie ill seseral of its forms .”—Coihery Guardian. 

Electric Lighting. 

THE ELEMENTARY PRINCIPLES OF ELECTRIC LIGHT¬ 
ING. By Alah a. Campbell Swinton, Associate S.T.E. Crown 8vo, 
IS. 6 d. cloth. • 

“Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
loctric-hghtmg cannot do better than read this little work *—Bradford Obierver. 

Dr. Lardner^s School llamlbooks, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner, 

328 Illustrations. Sixth Edition. One Vol, 3s. Gd. cloth, 

“ A very convenient class-book for junior students in private schools. It is intended to convey, 

1 clear and precise terms, general notions of all the principal divisions of Physical Science."— 
trtltsk Quarterly Jirvieio. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Lardner. 
With 190 Illustrations. Second Edition. One Vol, 35. Gd. cloth. 

"Clearly written, well arranged, and excellently illustrated.'’— Gardener's Chronicle. 

Dr. Larduer^s Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Re- 
vised and Re-written by E. B. Bright, F.R.A.S. 140 Illustrations. Small 
8vo, 2S.Gd. cloth. 

■' One of the most readable books extant on the riecttic Telegraph ''—Jin^ltslt Mechanic. 

Harms, 

STORMS: Their Nature, Classification, and Laws; -with the Means 
of Predicting them by their Embodiments, the Clouds, By Wm. Blasius. 
With Coloured Plates and Woodcuts, Crown 8vo, los. 6 d. cloth. 

“ a very read.ililc hook . . . The fresh facts coiit.-iined in its i).ig>-s, collected with evident 
lire, form ,'i useful repository for meteorologists in llie study ol .ntniospliencal disturbances 
be book will pay perusal as being the production ot one who gives cvulcnte of iuute observa- 
on ”— Nature. ’ 

Hie Blowpipe, 

THE BLOWPIPE IN CHEMISTRY, mInERALOGY, AND 

GEOLOGY. Containing all known Methods of Anhydrous Analysis, many 
Working Examples, and Instructions for Making Apparatus, By Lieut.- 
Oolonel W. A. Ross, R.A, With rao Illustrations. Cr, 8vo, 39. Gd. cloth. 

"The student who goes conscientiously through the course of experimentation here laid down 
ill gain a better insight into inorganic chemistry and iiimeralogy than if he had ‘g"l up'any of 
le best text-books ot the day, and p'assed any number of examinations in their cuniciits.”—CArr/ne 
il News. 

r/i-e MUitar^f Sciences, 

AIDE-MEMOIRE TO THE MILITARY SCIENCES. Framed 

from Contributions of Officers and others connected with the different Ser¬ 
vices. Originally edited by a Committee of the Corps of Royal Engineers. 
Second Edition, most carefully revised by an Officer of the Corfvs, with many 
Additions; containing nearly 350 Engravings and many hundred Woodcuts. 
Three Vols., royal 8vo, extia cloth boards, and lettered, jos. 

“A compendious encyclopxdia of military knowledge, to which we are greatly indebted.' — 
dinburgh Revierw. 

'Tield Fortification, 

A TREATISE ON FIELD FORTIFICATION, THE ATTACK 
OF FORTRESSES, MILITARY MINING, AND RECONNOITRING. By 
Colonel I. S. Macaulay, late Professor of Fortification in the R.M.A., Wool¬ 
wich. Sixth Edition, crown 8vo, cloth, with separate Atlas of la Plates, i». 
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Temperaments* 

OUR TEMPERAMENTS, THEIR STUDY AND THEIR 
TEACHING. A Popular Outhne. By Alexander Stewart, F.R.C.S. 
Edin. In one large 8vo volume, with 30 Illustrations, including A Selection 
from Lodge’s “ Historical Portraits," showing the Chief Forms of Faces. 
Price 15s. cloth, gilt top. 

"The book is •xceedittgly interesting, even for those who arc not systcgnatlc students of an¬ 
thropology. ... To those who think the proper study of mankind is man,'it will be lull of attrac¬ 
tion.— Vat/y Telegy'ath. 

■' The author’ll object is to enable a student to read a man's temperament in his aspect. Tlie 
work lb well adapted to its end. It is worthy of the attention ol students of human nature.”— 
Scitsnran. 

" The volume is heavy to hold, but light to read. Though the author has treated his subject 
exhaustively, he wntes in a popular and pleasant manner that renders it attractive to the general 
reader,”—/’wncA. 

JPneumatics and ^coisstics, 

PNEUMATICS : including Acoustics and the Phenomena of Wind 
Currents, for tlie Use of Beginners. By Charles Tomlinson, F.R.S., 
F.C.S., &c. Fourth Edition, Enlarged. With numerous Illustrations. 
i2mo, IS. td. cloth. {Just published. 

" Beginners in the study of this important application of science couldnot have a better manual.” 
—Scnfsmcin. 

“ A valuable and suitable text-book for students of Acoustics and the Phenomena of Wmd 
Currents."— Sckoolmaiter. 

Conchology. 

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent 
and Fossil Shells. By S. P. Woodward, A.L.S., F.G.S., late Assistant 
Palajontologist in the British Museum. Fifth Edition, With an Appendix 
on Recent and Fossil Concholo^ical Discoveries, by Ralph Tate, A.L.S, 
F.G.S. Illustrated by A. N. Waterhouse and Joseph Wilson Lowry. 
With 23 Plates and upwards of 300 Woodcuts. Crown 8vo, 7s. 6 d, cloth 
boards. 

“ A most valuable storehouse of concliological and geological information.”—S'ctritcr Gossip. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., 
formerly Radcliffe Observer at Oxford. Third Edition, Revised and Cor¬ 
rected to the present time, by William Thynne Lynn, B. A., F.R.A.S., formerly 
ot the Royal Observatory, Greenwich. i2mo, 2s. cloth limp. 

"A sound and simple trcatiie, very carefully edited, and a capital book for beginners."— 
Kium /erf; V. 

"Accurately brought down to the requirements of the present tune by Mr. Lynn.,"—£rfw- 
catiouai Tunes, *. 

Geology. 

RUDIMENTARY TREATISE ON GEOLOGY, PHYSICAL 

AND HISTORICAL. Consisting of "Physical Geology’’which sets forth 
the leading Principles of the Science; and " Historical Geology,*’ which 
treats of the Mineral and Organic Conditions of the Earth at each successive 
epoch, especial reference being made to the British Series of Rocks. By 
Ralph Tate, A.L.S., F.G.S., &c., &c. With 250 Illustrations, xamo, 5s. 
cloth boards. 

” The {illness of the matter has elevated the book into a manual. Its information is exhaustive 
smd well arranged."— School Board Chronicle. 

Geology and Genesis, 

THE TWIN RECORDS OF CREATION; or, Geology and 
Genesis: their Perfect Harmony and Wonderful Concord. By George W, 
Victor le Vaux. Numerous Illustrations. FcAp. 8vo, ss. clotn. 

"A valuable contribution to the evidences of Kovelation, and disposes very conclusively of the 
arguments of those who would set God's Works against God's ^ord. No teal diflicultyiis stiirked. 
and no sophistry is left unexposed.”— The Rock. 

” The remarkable peculiarity of this author Ls that he combines an unbounded admiration of 
science with an unbounded admiration of the Written record. The two hnpulses are balanced to 
a nicety ; and the consequence 1$ that difficulties, which to minds less evenly poised would be seri¬ 
ous. find inunediate solutions of the happiest kinds. '—London Review. 
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THE HANDBOOK OF MECHANICS. Enlarged and almost re- 
written by Benjamin Lo^wy, F.R.A.S. With 378 Illustrations. Post 8vo, 
65. cloth. 

*' The perspicuity of the original has been retained, and ch^ters which had become obsolete 
have been replaced by others of more modern character. The explanations throug'hout arc 
studiously popular. Nod care has been taken to show the application of the various branches of 
physics to the industrial arts, and to the practical business of hie.”— Altmng ’JournaL 

"Mr, Loewy has carefully revised the book, and brought it up to moderu requirements."— 
Nature. 

" Natural philosophy has had few exponents more able or better skilled in the art of popu< 
{arising the subject than T)i. l^ardner; and Mr. Loewy is doing good service in fitting this treatise, 
and die others of tlie series, for use at the present tinie.’'~~Scotstnan. 

THE HANDBOOK OF HYDROSTATIC^ AND PNEUMATICS. 

New Edition, Revised and Enlarged, bj^BsNjAMiN Loewy, F.R.A.S. With 
236 Illustrations. Post 8vo, 5s. cloth. 

" For those ' who desire to attain an accurate knowledge of physical science witliout the pro¬ 
found methods of mathematical investigation,’ this work is not merely Intended, but well adapted.’* 
.—Chemical News. 

" The volume before us ha.s been ciirefuily edited, augmented to nearly twice the bulk of the 
former edition, and all the most recent matter has been added. . . . It is a valuable text-book." 
.—Nature. 

" Candidates for pass examinations will find It, we think, specially suited to their requirements." 
English Mechanic. 

THE HANDBOOK OF HEAT. Edited and almost entirely re¬ 
written by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. PostSvo, 6s. 
cloth. 

" The stylo is always clear and precise, and conveys instruction without leaving any cloudiness 
or lurking doubts behind."— hngineermg. 

" A most exh.nustive book on the subject on which it treats, and is so arranged tliat it can be 
understood by all who desire to attain ail accurate knowledge of physical science .... Mr. 
Loewy has included all the latest discoveries m the varied laws and cfTccts of tieat.”— Mandard. 

“A complete and handy text-book for the use of students and general nsai}erb.”—l:uglish 
Mechanic. 

THE HANDBOOK OF OPTICS. By Dionysius Lardner,D.C.L., 

formerly Professor of Natural Philosophy and Astronomy in University 
College, London. New Edition. Edited by T. Olver Harding, B.A. Lond., 
of University College, London. With 298 Illustrations. Small 8vo, 448 
pages, 5s. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated.’’ 
Mechanic s Magazine, • 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, AnD 
ACOUSTICS. By Dr. Lardnek. Ninth Thousand!! Edit, by Georgs Carey 
Foster, B.A., F.C.S. With 400 Illustrations. Small 8vo, 5s. cloth, 

“ The book could not have been entrusted to anyone licttcr calculated to preserve the torse and 
d style of Larduer, while correcting his errors and bruiging up Ills work to the present state of 
'ntific knowledge."— S' '"nee Review. 

The above Five Volumes, though each is Complete in itself, form A Com¬ 
plete Course of Natural Philosophy. 

Dr. Lardner’s Handbook of Astronomy. 

THE HA NDBOOK OF A STRONOM Y. Forming a Companion 

to the “ Handbook of Natural Philosophy.’’ By Diony.sius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University 
College, London. Fourth Edition. Revised and Edited by Edwin Dunkin, 
F.R.A.S., Royal Cbservatory, Greenwich. With 38 Plates and upwards of 
100 Woodcuts. In One Vol., small 8vo, 550 pages, 9$. 6 d. cloth. 

" Probably no otlier book contains the same amount of information in so compendious and well- 
arranged a form—certainly none at the price at which thii is offered to the public."— Aiheneeum. 

“We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general-but ai tlie same time correct—acquaint¬ 
ance with this sublime science ."—Quarterly journal of Science. 

"One of the most deservedly popular books on the subject . . . We would recommend not 
only the student of die elementary principles of the science, but he who alms at mastering the 
higW and mathematical branches of astronomy, not to be without this work beside him.''Wya(M- 
auMagatiHe, 
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THE MUSEUM OF SCIENCE AND ART. Edited by 
Dionysius Lardner, D.C.L., formerly Professor of Natural Philosophy and 
Astronomy in University College, London. With upwards of 1,200 Kn^av- 
ings on Wood. In 6 Double Volumes, £t is., in a new and elegant cloth bind¬ 
ing ; or handsomely bound in half-morocco, 31s. 6d. ^ 

Contents: 

The Planets: Are they Inhabited Worlds?— motive — Thermometer — New Planets: Le- 

Wcather ProBnobtics — Popular Fallacies in verricr and Adams's Planet—Magnitude and 

Questions of Physical Science—Latitudes and Minuteness--Common Things; The Almanack 

Longitudes — Lunar Influences — Metewrlc —Optical linages—How to observe the Heavens 

Stones and ShootlngStars—Kailway Accidents — Common Things . The Looking-glass — 

—Light—Common Things : Air—I.oroiiiotion Stellar Universe—The Tides—Colour—Com- 

in the United States—Cometary Influences— men Things' M.m—Minifying Glasses—In- 

L'omiiion Things; Water—The Toner’s A^— stinct and Intelligence—The Solar Microscope 

Common Things' Fire— Locomotion and —The Cainera Lucida—The Magic Lantern— 

Transport, their Influence and Progress—The The Camera Obscura—The Microscope—The 

Moon — Common Thi^s: The Larth — The White Ants: Their Manners and Habits—The 

Hectric Telegraph — 'Terrestrial Heat — The Surface of the Earth, or First Notions of 

Sun—Earthquakes and V'olcanocs—Harometer, Geography—Science and Poetry—The Bee- 

Safety Lamp, and Whitworth's Micrometric Steam Navigation — Elcctro-Motive Power- 

Apparatus—Steam—The Steam Engine—The Thunder, Lightning, and the Aurora Borealis 

Kye — The Atmosphere — Tune — Coniinon —The Printing Press—The Crust of the Earth 

Things'Pumps—Common Things Spectacles, —Comets—The Stereoscope—The Pre-Adam- 

the Kaleidoscope — Clocks and Watches — ite Earth—^Eclipses—Sound. 

Microscopic Drawing and Engraving—Loco- 

Opinions of the Press. 

"This series, besides affording popular but sound instruction on scientific subjects, with which 
the humblest man in the country ought to be acquainted, also underPikcs that teaching of ‘Com¬ 
mon Things ’ which every •well-wisliir of his kind is anxious to promote Many thousand copies of 
this serviceable publication have been printed, in the belief and hope that tlic desire for instruction 
and improvement widely prevails , and we have no fear that such enlightened faith will meet with 

" A cheap and interesting publication, alike informing and attractive. The papers combine 
subjects of iiniiurtaiKe and great scieiiiilic knowledge, considerable inductive powers, and a 
popul.ir style of treatment ”— !>feiiator. 

"The • Museum of .Science and Art’ is the most valuable contribution that has ever been 
made to the Scientific Instruction of every class of society.”—Sir David Brewsthk, in the 
North BrUiih Revieiv, 

“ Whether we consider the liberality and Ireauty of the illustrations, the charm of the writing, 
or the durable interest of the matter, we must exjiress our belief that there is harilly to be found 
among the new books one that would be wcelcomcd by people of so many ages and classes as a 
valuable present."— Uxamuter. 

Separate books formed from the above, suitable for Workmen’s Libraries, 

11 Science Classes , etc . 

Common Things Eocplained. Containing Air, Earth, Fire, Water, Time, 
Man, the Eye, Locqaiotion, Colour, Clocks and Watches, &c. 233 Illus¬ 
trations, cloth gilt, 

The Slicroseope. Containing Optical Images, Magnifying Glasses, Origin 
and Description of the Microscope, Microscopic Objects, the Solar Micro¬ 
scope, Microscopic Drawing and Engraving, &c. 147 Illustrations, cl6tb 
gilt,«. 

Topvlar Geology. Containing Earthquakes and Volcanoes, the Crust of 
the Earth, &c. 201 Illusttations, cloth gilt, 2s. bd. 

Popular Physics. Containing Magnitude and Minuteness, the Atmo¬ 
sphere, Meteoric Stones, Popular Fallacies, Weather Prognostics, the 
Thermometer, the Baiometer, Sound, &c, 8 $ Illustrations, cloth gilt, 2s. 6 d. 

Steam and its Uses. Including the Steam Engine, the Locomotive, and ' 
Steam Navigation. 89 Illustrations, cloth gilt, as. 

Popular Astronomy. Containing How to obsetve the Heavens—Tho 
Earth, Sun, Moon, Planets, Light, Comets, Eclipses, Astronomical Influ¬ 
ences, &c. 182 Illustrations, 4s. 6d. 

The Bee and White Ants: Their Manners and Habits. With Illustra¬ 
tions of Animal Instinct and Intelligence, 135, Illustrations, cloth gilt, 2s. 

The Electric Telegraph Popularised. To render intelligible to all who 
can Read, irrespective of any previous Scientific Acquirements, the various 
iorms of Telegraphy in Actual Operation, 100 Illustrations, cloth gilt, 

IS. 6i. 
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Accounts for Manufacturers, 

FACTORY ACCOUNTS: Their Principles and Practice. A 

Handbook for Accountants and Manufacturers, with Appendices on the No¬ 
menclature c 4 Machine Details; the Income Tax Acts, the Rating; of Fac¬ 
tories ; Fire and Iloiler Insurance; the Factory and Workshop Acts, &c., 
including also a Glossary of Terms and a Large number of Specimen Rulings. 
By Emile Garcke and J, M. Fells. Second Edition, Demy 8vo, 250 pages, 
price lofi 6 d. strongly bound. [^Hst published. 

"One of the most mipnrtant works ever publi'hcd dealing with these m,alters. The authors 
have triMted tlie sutijcct from the standpoint of the factory, as praclic.il men hpeaking to practical 
mcai, and not, as has lic-c-n too ofleh the case, .is sshoohiiasters to schoolboys."—.f/ftrrrtrtCTw. 

" Avery interesting (li'scriirtion of the reiiviireiiiuniA of h.ictijry Accounts. , . . the principle 
of assimilating the Hactory Accounts to the general comniurual books is one which we Ihorouglily 
agree with "—Accouniauts' yeurnal 

" Characterised by cxtr»-iiie ihoroiighness 7 'hcre ,arc few owners of Tartories W'ho would 
not derive great benefit from the perusal of this most admirable Local Goveniwent 

Chronicle. 

Foreign Commercial Correspondence, 

THE FOREIGN COMMERCIAL CORRESPONDENT: Being 

Aids to Commercial Correspondence in Five Languages—English, French, 
German, Italian and Si>anibh. By Charles E. Baker. Crown 8vo, price 
about ss. [/« preparation. 

Intuitive Calculations, 

THE COMPENDIOUS CALCULATOR; or. Easy and Con¬ 
cise Methods of I’erforming the various Arithmetical Operation.s required in 
Commercial and Business Transactions, together with Useful Tables, By 
Daniel O'Gokman, Conected and Extended by J. R. Young, formerly 
Professor of Mathematics at Belfast College Twenty-sixth Edition, care¬ 
fully Revised by C. Norris. Fcap. 8vo, 3s. 6<i. strongly half-bound in leather. 
" It would bo difficult to eKdggcr.vte Uic usefulness of .i book like tins to everyone c'ngaged in 
conimercB or manufacturing industry it is cr.iinnied full ot rules and foriiiul.t: fur sharteimig .uid 
employing calculations ”— Kninutedpe. 

" hnipphcs special .md rapid iiu-thods for all kinds of calc illations. Of great iitllily to persons 
eng,aged in .iny kind of coininerci.il transactions "Stotimnu. 

Modern Metrical Units and System>s, 

MODERN METROLOGY: A Manual of the Metrical Units 
and Systems of the Present Century. With an Appendix containing a proposed 
English System. By Lowis D’A. Jackson, A.M, Inst. C.E., Author of “ Aid 
to Survey Practice," &c. Laige crown 8vo, 12s. 6 d. cloth. 

••The author has brought together much valuable and inteii^sting information. . . , We 
cannot but tecoininend the work to the coiisideratiuii of all interested lu the practical reform of our 
weights and nieasures."— Nature. 

•• For exhaustive t.ibles of equivalent weights and measures of all sorts, and for clear demonstra- 
CioM of the effects of the various systems that have been proposed or adopted, Mr. Jackson's 
treltise is without a avaM’—Acadv'''). 

The Metric System and the British Standards, 

A SERIES OF METRIC TABLES, in which the British Stand¬ 
ard Measures and Weights are compared with those of the Metric System at present 
in Use on the Continent. By C. H. Dowling, C.E. 8vo, ios. 6d. strongly oound. 

“Their accuracy has been certified by Trofessor Airy, the Astronomer-Royal.”—(lifer. 

" Mr. Dowling's Tables are well put together as a ready-reckoner for the conversion of one 
system into tlie oUicr."— Athenccum. 

Iron and Metal Trades* Calculator, 

THE IRON AND METAL TRADES' COMPANION. Fcr 

expeditiously ascertaining the Value of any Goods bought or sold by Weight, 
from IS. per cwt. to 112s. per cwt., and from one farthing per pound to one 
shilling per pound. Each Table extends from one pound to 100 tons. To 
which are appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c.; Tables ot Weights of Materials, and other 
Useful Memoranda. By Thos. Downie. 396 pp., 9s. Strongly bound in leather. 
"A most useful set of tables, and will supply a want, for nothing like them before existed."— 

adapted to the iron and metal trades, the tables ■will be found useful in 
every other business m whith merchandise is bought and sold by weight,"- .Raifwoj- News, 
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Calculator for Numbers and Weights Combined, 

THE COMBINED NUMBER AND WEIGHT CALCU- 
LA TOR, Containing upwards of 250,000 Separate Calculations, showing at 
a glance the value at 421 difterent rates, ranging from ^th of a Penny to 20s. 
each, or per cwt., and £20 per ton, ot any number of articles consecutively, 
from 1 to 470.—Any number of cwts., qrs., and lbs., from i cwt. to 470 cwts.— 
Any number of tons, cwts., qrs., and fbs„ from i to cMt tons. By William 
Chadwick, Public Accountant. Imp. 8vo, 30s. strongly oound for Office wear 
and tear. 

* 3 Sr This comprehensive and entirely unique and original Calculator is adapted 
for the use of Accountants and Auditors, Railway Companies, Canal Companies, 
Shippers, Shipping Agents, General Carriers, etc. Ironfounders, Brassfounders, 
Metal Merchants, Iron Manufacturers, Ironmongers, Engineers^ Machinists, Boiler 
Mahers, Millwrights, Roofing Bridge and Girder Mahers, Colliery Proprietors, etc. 
Timber Merchants, Builders, Confractors, Architects, Surveyors, Auctioneers, 
Valuers, Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants and 
General Wholesale Tradesmen, 

Opinions or the Press. 

"The book contains the answers to questions, and not simply a set of Ingenious puzzle 
methods of arnvmg at results. It is as easy of reference for .my answer or any nuniber of answers , 
as a dictionary, and the references are even more quickly made. Kor making’ up accounts or esti¬ 
mates, the book must prove iiivalu.ible to all -who h.ave any considerable quantity of calculations 
involving price and measure m any combination to do."— Engineer. 

" The ino.st complete and practical ready reckoner which it li.is been our fortune yet to see. 
It is dithcult to imagine a ti.-ide or occuiiation in which it could not bo of the greatest use, cither 
in saving human labour or in checking work.”— The Miller. 

“ The most perfect work of the kind yet prepared."— Glasgow Herald. 

Comprehensive Weight Calculator, 

THE WEIGHT CALCULATOR. Being a Series of Tables 
upou a New and Comprehensive Plan, exhibiting at One Reference the exact 
Value of any Weight from i lb. to 15 tons, at 300 Progressive Rates, from id. 
to i68s. per cwt., and containing 186,000 Direct Answers, which, with their 
Combinations, consisting of a single addition (mostly to be performed at 
sight), will afford an aggregate of 10,266,000 Answers; the whole being calcu¬ 
lated and designed to ensure correctness and promote despatch. By Henry 
Harben, Accountant. Fourth Edition, carefully Corrected. Royal 8vo, 
strongly half-bound, £i 5s. {Just published. 

" A practical and useful work of reference for men of business generally , it is the best of the 
kind wc have Irmtvwnger. 

"Ot priceless value to business men. Its atcunacy and completeness have secured for it a 
reputation winch renders it quite unnccess.lry for us to say one word in its praise. It is a necessary 
book in all mercantile offices.”— Shej/ield //laeMndettl. 

Comprehensive Discount Guide, 

THE DISCOUNT GUIDE. Comprising several Series of 
Tables for tne use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact Profit arising from any mode of using 
Discounts, either io the Purchase or Sale of Goods, and the method of either 
Altering a Rate of Discount or Advancing a Price, so as to produce, by bne 
operation, a sum that will realise any required profit after allowing one or 
more Discounts: to which are added Tables of Profit or Advance from to 
qo per cent., Tables of Discount from li to gSi per cent., and Tables of Com¬ 
mission, &c., from -jr to 10 per cent. By Henry Harben, Accountant, Author 
of “ The Weight Calculator." New Edition, carefully Revised and Corrected. 
Demy 8vo, <544 pp. half-bound, £x 5s. 

" A book such as this can only be appreciated by busme.ss men, to whom the sa’vlng of time 
mo.aivs saving of money. We have the high authority of Professor J. R. Young that the tables* 
throughout the work are constructed upon strictly accurate pnneiules. The work mu-it prove 
of great value to merchants, manufacturers, and general tiadeirs."—British Trade journal. 

Iron Shipbuilders* and Merchants* Weight Tables, 

IRON-PLATE WEIGHT TABLES: For Iron Shipbuilders, 

Engirieers and Iron Merchants. Containing the Calculated Weights of up¬ 
wards of 150,000 different sizes of Iron Plates, from i foot by 6 in, by J in, to 
10 feet by 5 feet by i in. Worked out on the basis of 40 lbs. to^he square 
foot of Iron of i inch in thickness. Carefully compiled and thoroughly Re¬ 
vised by H. Burlinson and W. H. Simpson. . Oblong 4to, 255. half-bound. 

• ■ This work will be found of great utility. The authors have had much practical experience 
of what is wanting in making estimates; and the use of the book uiU save much time in making 
elaborate calculations."— Mechanic. 
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Soup-making, 

THE ART OF SOAP-MAKING: A Practical Handbook of the 
Manufacture of Hard and Soft Soaps, Toilet Soaps, etc. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Leys. 
By Alexahdup Watt, Author of “ Electro*Metallurgy Practically Treated," 
Stc. ,With numerous Illustrations. Third Edition, Revised. Crown 8vo, 
75 . 6d. cloth. 

“The work will prove very useful, not merely to the technologricdl student, but to the practical 
soap-boiler who wishes to understand the theory of his a.Tt.‘'—C/ie7mcai Neivs, 

“Really an excellent example of a technical manual, entering, as it does, thoroughly and 
exhaustively both into the theory and practice of soap manufacture. The book is well ano honestly 
done, and deserves the considerable circulation with wlncli it will doubtless meet.”— Knciultder. 

"Mr. Watt’s book is a thoroughly practical treatise on an art which has almost no literature in 
our languagfc. Wc congratulate the author on the suef^ss of hfi endeavour to All a void m EngUsb 
technical literature."—A’a/MW. 

Leather Manufacture, 

THE ART OF LEATHER MANUFACTURE. Being a 
Practical Handbook, in which the Operations of Tanning, Currying, and 
Leather Dressing are fully Described, and the Principles of Tanning Ex¬ 
plained, and many Recent Processes introduced; as also Methods for the 
Estimation of Tannin, and a Description of the Arts of Glue Boiling, Gut 
Dressing, &c. By Alexander Watt, Author of " Soap-Making," " Electro- 
Metallurgy,” &c. With numerous Illustrations. Second Edition. Crown 
8 vo, gs. cloth. [Just published. 

A sound, comprehensive treatise on t.mning and its .accessories. The book is an eminently 
valuable produnion, which redounds to the credit of both author and publishers."— Chefntcai 
lievUTv. 

“This volume is technical without being tedious, comprehensive and complete without lieing 
prosy, and it bears on every page the impress of a roaster hand. We h.lvii never come across a 
bettor trade tre<iitise, nor one that so thoroughly supplied an absolute want."— ^hoe ajtd Leather 
Traded Chronicle, 


Boot and Shoe Making, 

THE ART OF BOOT AND SHOE-MAKING. A Practical 
Handbook, including Measurement, Last-Fitting, Cutting-Out, Closing and 
Making, with a Description ot the most approved Machinery employed. 
By John B, Lend, late Editor of St. Crispin, and The Boot and Shoe-Maker. 
With numerous Illustrations. Second Edition. Crown 8vo, as. 6 d. cloth. 

published. 

"This excellent treatise is by far the best work ever written on the subject. A new work, 
embracing all modern improvements, was much wanted. This want is now s.itished. The chapter 
on clicking, which shows how waste may be prevented, will sas% fifty times the price of the book." 
Scottish leather Trader. • 

“This volume is replete with matter well worthy the perus.il of boot .and shoe maniifacluicrs 
iind cxpctienced craftsmen, and instructive and valuable in tl(b highest degree to all jouilg 
beginners and craftsmen m the trade of which it treats."—Z.f(i/'/icr Trades' Circular. 

Dentistry, 

• MECHANICAL DENTISTRY : A Practical Treatise on the 

Construction of the various kinds of Artificial Dentures. Comprising also Use¬ 
ful Formulae, Tables and Receipts for Gold Plate, Clasps, Solders, &c. &c. 
By Charles Hunter. Third Edition, Revised. With upwards of loo 
Wood Engravings. Crown 8vo, 3s. 6 d. cloth. published. 

"The work is very practical.”—AfiW/A/y Rrvitiv of Dental Surf^ery. 

" We can strongly recommend Mr. Hunter's treatise to all students preparing for the profession 
of dentistry, as well as to every mechanical dentist.”— Dublin Joumai of Mcdual Science. 

• Wood Engraving. 

A PRACTICAL MANUAL OF WOOD ENGRAVING. With 
a Brief Account of the History of the Art. By William Norman Brown. 
With numerous Illustrations. Crown 8vo, 2s. cloth. 

“ The author deals with the subject in a thoroughly practical and easy scries of representative 
\tKOWi.‘'—Pat>ir and PnnHnjir Trades Jourttal. 

" The book is clear and complete, .and will be useful to anyone w.anting to undcrstaiul the first 
elements of the bcvouiiful art of wood engraving.”—6j-«//inr. 

Baper Making, 

A TREATISE ON PAPER; with an Outline of its Manufacture, 
Complete Tables of Sizes, etc. For Printer.? and Stationers. By Richardson 
Parkinson. 8vo, 35 . cloth ; 2 S. 6d. paper wrapper. 

" An admirable handbook by a nwri who understands his subject."—/VjVi/frj' Be^is^r, 
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LOCKWOOD'S HANDYB00K8 FOR HANDWRAFTS. 

IS' These Handybooks are written to supply Handicraftsmen with informa¬ 
tion an workshop practice, and are intended to convey, in plain language, technical 
knowledge of the several crafts. Workshop terms are used, and workshop practice 
described, the text being freely illustrated with drawings of modern tools, appliances 
and processes, useful alike to the young beginner and to the old hand, whose range 
of experience has been narrowed under a system of divided lat*>ur, as well as to 
amateurs. 

IS" I'he following Volumes are already published. 

Metal Turning, 

THE META L TURNER’S IIA ND YBOOK. A Practical Manual 

for Workers at the Foot-Lathe; Embracing Information on the Tools, 
Appliances and Processes emR?(Oyed in Metal Turning. By Paul N. Has- 
i.ucK, A.I.M.E., Author of “ Latne-Work." With upwards of One Hundred 
Illustrations. Second Edition, Revised, Cr. 8 vo, 25. cloth. [Justpublished, 

“ Altoirellicr ;idiiiir.il)Iy nfl.if)lc-cl lo iiiili.itc stuili nt? into the art of lurniny ”—Leicester I'o 
" Clearly and concisely written, excellent m every w.iy, we heartily coniiiicnd it to all interested 
fn mi'tal tuniinir "—ATcchantcal tt’arld. 

“U'ith the assistance of a clever master, a clear and vivid expounder, .uid an abundance of * 
Illustr.itions. the work lets h.indicr.iftsincn know what are the resomces of the turniilg-lathc and how 
these may be developed."—/Jirnntc Advertiser. 

Wood Turning, 

THE WOOD TURNER’S HANDYBOOK. A Practical Manual 
for Workers at the Lathe: Embracing Information on the Tools, Appliances 
and Processes Employed in Wood Turning. By Paul N. Hasluck, A.I.M.E , 
Author of “ Lathe-Woik,” “The Metal Turner’s Handybook," &:c. With 
upwards of One Hundred Illustrations, Crown 8 vo, 2s, cloth, [fust published. 

" The volume is well and clearly wiitten iii a lucid style, and all the mstructiims are fully (jiveii. 
it will lie found of great value to workmen ami .am.ateurs, and forms a safe and reliable guide to 
every branch of the l.itlie in.uupulation "— Carf'enter and Jhnlder 

“ All excellent iii.ann.il for workers at the I.alhe "— G/ati^irni Herald, 

“\Ve rccomiiieiid the book to young turners and amateurs A nniltitudo of workmen have 
bitherto sought in vain for a iiiaiiual of tins spcci.il industry .”—Mechanical H'orld. 

Watch Mepairing. 

THE WATCH JOBBER'S HANDYBOOK. A Practical Manual 

on Cleaning, Repairing and Adjusting. Embracing Information on the Tools, 
Materials, Appitances and Processes Employed in Watchwork. By Paul N. 
IIa.sluck, A.I.M.E., Author of “ Lathe-Work,” “The Metal Turner’s Handy* 
Book,” “The Wood Turner’s Handybook,’’ &c. With upwards of One 
litindred Illustrations. Crown 8 vo, 2s. cloth. [Just published. 

" Written iij a clear style charily suited to beginners and amateurs We heartily recoitiraciid 
t ”—PraiUcal hui'inecr 

" We recommend U to crafisnicn m watchmaking as a useful and well-written grammar of their 
.xrl "— Srot\maii. 

“ All young persons coenei led with the trade should acquire and study this excellent, and at 
4he same time, inexpensive work "—LUrkcmi'Ul CHrouicle. u 

Pattern Making, 

THE PATTERN MAKER'S HANDYBOOK. A Practical 
Manual, embracing Information on the Tools, Materials and Appliances em¬ 
ployed in Constructing Patterns for Founders. By Paul N. Hasluck, 
A.I.M.E. With One Hundred Illustrations, Cr. 8 vo, 2s. cloth, ljust published. 
“Mr. Hasluck’s ‘Lathe Work’ and kindred productions have acquired a high reputation 
Ills new volume, ‘ Pattern Making,' t ontains invaluable advice, and furnishes the studious workman* 
xvith a very large amount of practic.al information "— I.toyd\ A'ewi. 

" Especially useful to the bt gmner. We commend it to all who arc interested in the counsels 
it so ably gives ”—Colliery Guardian. 

"This handy volume coiitairis sound information of considerable v.aluo to students and 
artificers."!—//aww'ar'f Trade Journal. 

Mechanical Manipulation, 

THE MECHANIC'S WORKSHOP HANDYBOOK. A Practical 

Manual on Mechanical Manipulation. Embracing Information on various 
Handicraft Processes, with Useful Notes and Miscellaneous Memoranda. 
By Paul N. Hasluck, A.I.M.E. Author of “ Lathe-Work," “The Metal 
Turner’s Handybook,” “ The Wood Turner’s Handybook.’’ &c. Crown 8vo, 
24 . cloth. [Just ready. 
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Electrolysis of Golilf Silver, Cojiper, etc, 

ELECTRO-DEPOSITION : A Practical Treatise on the Electrolysis 

of Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descrip¬ 
tions of Voltaic Batteries, Magnet and Dynamo-Klectuc Machines, Tliei- 
mopiles, and of the Materials and Processes used in every Department of 
the Art, and seveial Chapters on BLECTRO-METALLVKGY. By Ale.\- 
ANDER WATT^Author of “ Electro-Mctallurgy,” &c. With numerous Illus¬ 
trations, Second Edition, Revised and Corrected. Crown 8vo, qs. cloth. 

[Just published. 

“ Evidently written by a practical man who has spent a long period of tinie in elcctro-iil-ito 
workshoi-ia. Ihe mform.ition given respectioK the details of wi/rkshop manipul.'ttioii is rein.irk.ililv 
complete. . . . Mr. \V’.att‘s book will prove of great value to elCLtri>,dej>osilors, jewellers, .mil 
various other workers m inelal.”— Nature. 

“Einmeiitly a iiook for the practical worker in electro-deposition. It cont.iins minute .ird 
practical descriptions of niethoits, processes and materials as actually pm sued and used ui ilie 
workshop. Mr. Watt's book recommends itself to all i^erested^in its subjects.”— Jin^uteer, 

Electro-31 etall uryy, 

ELECTRO-METALLURGY ; Practically Treated. By Ai.exander 
Watt, F.R.S.S.A. Eighth Edition, Revised, with Additional Matter and 
Illustrations, including the most recent Piocesscs. T2nio, 3s. l>d cloth boards. 
“ From tins book both amateur and artisan may learn everything necessary for the successful 
prosecution of electroiilating.”— Iron. 

Electropldti mj. 

ELECTROPLATING : A Practical Handbook, By J. W. Urqu- 

HART, C.E, With numerous Illustrations. Crown Hvo, 55. cloth. 

“The information given appcar-s to be based on direct personal knowledge. . . Its science 
U sound and the style is always clear."— AiitetttetDn, 

J^ectrotypiny* 

ELECTROTYPING : The Reproduction and Multiplication of Print¬ 
ing Surfaces and Works of Art by the Electro-deposttton 0/Metals. By J. W. 
Urquhart, C E. Crown 8vo, 5s. cloth. 

“The l)ook is thoroughly practical. The reader is, therefore, conducted through the leadii'c’ 
laws of electricity, then through the metals used by electro^pers, ilie apparatus, and the depositing 
processes, up to tlio final preparation of flie work .”—Art y«urfi,n' 

"We can recominend tliis treatise, uot merely to amateurs, but to those actually engaged IH th,i 
trade .”—Chemical Nrzuv. 

Golds'tniths* JVoric. 

THE GOLDSMITH’S HANDBOOK. By Georgr K. Gf.e, 

i eweller, &c. Third Edition, considerably EnLirgc.cl. 121110, 3s. Cd. clotii 
oards. , 

“A good, sound, technical ediic.itor, and will be genenally accepted as an autlioiity. It e^aedy 
fulfils the purpose intciuled."— Ji.»o/o^inl yom-unl • 

“Will speedily beLome a stand.-ird book which lew wiU care be without."— Je^dler and 
Metal-worker. 

Silversmith.^* IVorIc, 

^THE SILVERSMITH’S HANDBOOK. By George E. Gee, 
Jeweller, &c. Second Edition, Revised, with numetous Illustrations, izmo, 
3s. 6 d. cloth boards. 

"The chief merit of the work ' its practical character. . . . The workers in the trade will 
tpeedUy discover Its inorits when they sit down to study it ”— Ettr'H-;h Mechaim. 

"'nils work forms a valuable sequel to tho author's ‘Goldsmith’s Handbook.’”— Silversmiths’ 
Trade journal. 

The above two works together , strongly ha j - Pound , price ys , 

.Textile 3 Tan'ttfacturers* Tubles, 

UNIVERSAL TABLES OF TEXTILE STRUCTURE. 

For the uscj ol Manufacturers in every branch of Textile Trade. By Joseph 
Edmondson, Oblong folio, strongly bound in cloth, puce ys. 6 d. 

The principle on which the tables are founded ts well known, and much 
used in the inushn manufacture, but the intricacy of ihe calculations hitherto 
required (especuiUy ivhere warp and weft differ in counts and in the closeness of the 
threads) has prevented its general .ipblication. By these tables all the adjustments 
may be made without calculation. 'Mere references to the proper places bring out 
the required information. 

“Inirnense labour has been bestowed on the work by the author. The tables are adapted to 
every mode of numbering yarn-s and setts, and apply to all the branches of textile manufacture.”— 
TtxHle Recorder. 

D 
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Horology, 

A TREATISE ON MODERN HOROLOGY, in Theory and Prao 
iice. Translated from the French of Claudius Saunter, ex-Director of the 
School of Horology at Macon, by Tulien Tripplin, F.R.A.S., Besancon 
Watch Manufacturer, and Edward Kico, M.A., Assayer in the Royal Mint. 
With Seventy-eight Woodcuts and Twenty-two Coloured Copper Plates, 
Second Edition. Super-royal 8vo, £2 2S, cloth, £2 los. half-calf, 

“ There ts no horologlcal work In the English language at all to be comtkired to thk oroilm:- 
tion of M. Sauuicr's for cTeamebs and cotnTjleteness. It is alike good as a guide for the studout and 
ai> a reference for the cxi>crienced horologist and skilled -workman.'’—//orehfj; teal yoitrna/. 

" The latest, the most complete, and the most reliable of those literary productions to which 
continental watchmakers are indebted for the mechanic,al superiority over their English broiliren 
— in fact, the Book of Books, is M. Saunier’s ‘Treatise.”'—/fir/cAMKr/'er", Jeruellrr ana Srlt'et 

‘‘Tins magnificent treatise is one ot the most valuable and comprehensive contributions to the 
litenslure of horoiogicai art and science ever produced, and cannot Dc too highly commended. It 
IS A perfect cyclop<edia of watch and clockmaking.''— Tlu Coventry Watch and Clochntaher, 

IVatchmaMng, " ” 

THE WA TCHMA KER ’S HA NDBOO K. Intended as a Work- 

shop Companion fot those engaged in Watchmaking and the Allied Mechani¬ 
cal Arts. Translated from the French of Claudius Saunier, and consider¬ 
ably Enlarged by Julien Tripplin, F.R.A.S., Vice-President of the Horoiogi¬ 
cai Institute, and Edward Rigg, M.A., Assayer in the Royal Mint. With 
Niimerous Wemdeuts and Fourteen Copper Plates. Second Edition, Revised, 
With Appendix, Crown 8vo, gs cloth. [Just published. 

" Each part is truly a treatise in itbelf. The .irr.ingeraent is pood and the language is clear .and 
conube. It is an adiuiiable guide for the young -nittchmakcr.''— }-.n^tnetrt)it^. 

•• It is impossible to speak too highly of its excellence. It fulfils every rerpurement in a h.tiul. 
bonk intended for the use of a woncinan. Should be found m every workshop.''— //rrA/V ami 
t ii'i / maktr. 

This book contains an immense number of prariical det.uls Vie.aring on the dally occupaiion 
of a w.itchiiiaker, and it will be found ot gru,it use to an army of workers.'’— tVatchmaber and 
Metalworker (Glucagoj. 


CHEMICAL MANUFACTURES & COMMERCE. 


The AlJzali Trade, Sulphuric Acid, etc, 

A MANUAL OF THE ALKALI TRADE, including the 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. 
Bv John Lomas, Alkali Manufactuier, Newcastle-upon-Tyne aqd London. 
With 232 lllustiations and Wotking Drawing:,, and containing 390 pages ot 
Text, Second Edition, ;vith Additions. Super-royal 8vo, £1 los. cloth. 

‘‘'i"his book IS written by a manufacturer fur manufacturers. The working det.ai!s of the most 
approved forms of apparatus are given, .and these are at coinpanicd by no less than asa wood en 
gravmgs, all of which may beuaSid for the purposes of construction. Every step in the niaiuifac- 
lure IS very fully tiescribed in tins manual, and each unprovemerit explained.”— Athencenui. 

‘‘ The author is not r.ne of those clever cominlers who, on short notice, will ‘read up 'any conceiv- 
alJc subject, but a pracuc il man in the best sense of tlie word. We find here not merely a soimd 
and luminous explan.ition ni the clieiiucal principles of the trade, but a notice of numerous matt irs 
winch have a most import.int bearing on the successful contluct of alkali works, liut which aio 
generally overlooked by even the most experienced technological authors ."—Chemical Review. 

Brewing, 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown 8vo, 3s. 6ii. cloth. 

“ This little volume, containing su< h a large amount of good sense In so'small a compass, ought 
to recommend itself to every brewery pupil.’’— Guardian. 

Commercial Chemical Analysis, 

THE COMMERCIAL HANDBOOK OF CHEMICAL ANA¬ 
LYSIS; or. Practical Instructions lor the determination of the Intrinsic or 
Comiqercial Value of Substances used in Manutactures, in Trades, and in the 
Arts. By A. Normandy, Editor of Rose’s “Treatise on Chemical Analysis.” 
New Edition, to a great extent Re-written by Henry M Noad, Ph.D., 
F.R.S. With numerous Illustrations. Crown 8vo, 12s. 6 d. cloth. 

“‘We strongly recommend this book to our readcr-s as a guide, alike Indispensable to the house¬ 
wife as to the pharmaceutical practitioner."— Medical Times .' 

“Essential to the Analysts appointed under the new Act. The most receitt results are given, 
and the work is well eihtea and carefully vitittea."—JVature. 



35 


AGRICULTURE, FARMING, GARDENING, etc. 

...... .11 _ ■ - ■ _ - __ 

Dt/e^Wares and Colours, 

THE MANUAL OF COLOURS AND DYE^WARES ; Their 

Properties, Applications, ViUuation, Impuritus, and Sophistications. For the 
use of Dyers, Printers, Drysalters, Brokers, &c. By J, W. SnAxaa. Second 
Edition, Revised and greatly Enlarged, Crown 8vo, ys. 6 d. cloth. 

■ ■ A complete encyclopaedia o< the materia Hnctoria. The tafonnation ifiven respecting each 
article is full and prgpise, and the methods of determining the value of articles such as these, so 
liable to sophisdcation, are given with clearness, and are practical as well as valuable.''->^Amfrf 
and Dni^ffist, 

" There is no other work which covers precisely tlic same ground. To students preriaring 
for examinations in dyeing and printing it will prove exceedingly useful.”—CArwricef News. 

l^lfftnents. 

THE ARTIST'S MANUAL OF PIGMENTS. Showing 
their Composition, Conditions of Permanency, Non-Permanency, and Adul¬ 
terations; Effects in Combination withiEacli 0 ther and with Vehicles; and 
the most Reliable Tests of Pnrit;^. Together with the Science and Arts 
Department’s Examination Questions on Painting. By H. C, Standage. 
Second Edition, Revised. Small crown 8vo, 2s. 6 d. cloth. [Just published, 
“ This work is indeed muUum-in-parve, and we can, with good conscience, recommend it to 
all who come in contact with pigments, whetlicr as makers, dealers or users."—CAswnVif/ Kevtew. 

"This manual cannot fuu to be a very valuable aid to all painters who wish their work to 
endure and be of a sound characlor; it is complete and comprehensive.”- 

•‘The author supplies a great deal of very valuable intorination and momor.'inda as to the 
chemical quahtics and artistic cflect of the pnitcipal pigments used by painters."—AV, ilder. 

Gairghiff. Tables and Mules for Mevenue Offtcers, 

JSrewers, etc. 

A POCKET BOOK OF MENSURATION AND GAUGING : 
Containing Tables, Rules and Memoranda ior Revenue Otficers, Brewers, 
SpiiIt Merchants, &c. By J. B. Manx (Inland Revenue). Oblong i8mo, 45. 
leather, with clastic band. [Just pub’ishcd. 

'• This handy and useful book is adapted to the requirements of the Inland Revenue Uenart. 
tnent, and will be a favourite book of ri'lLreuci,. The range of Aibjccts is comprehensive, and the 
arrangement simple and clear .”—Cvvx 'nin. 

“A most useful book. It shcmkl be in the hands of every practical brewer."—ATrrwfrr 
yonrnal. 
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Aifricultnral Facts and Figures, 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FARMERS ANV FARM STUDENTS. By Pkimrose McCqnnki.l. 
Fellow of the Highland and Agricultural Society; late Proicssor of Agricul¬ 
ture, Glasgow Veterinary College. Third Ediuon. Royal 32mo, full roan, 
gilt edges, with clastic band, 4s. 

" The most complete and coinpreheiislve Note-book for Fanners and Farm Sludcnts that we 
have seen. It literally teems with iiifonnatiou. ard wc uaii cordially icconimend it to all coimected 
with agriculture.”—jVor/A Sntish Aj^rzrulitirt'.t. 

Youatt and Murn^s Complete Grazier, 

THE COMPLETE. GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry; especially in 
the departments connected with the Breeding, Rearing, Feedinij, and General 
Management of Stock; the Management of the Dairy, &c. With Directions 
for the Culture and Managemi nt ol Grass Land, of Grain and Root Crops, 
the Arrangement of Farm Offices, tlie use of Implements and Machines, and 
on Draining, Irrigation, Warping, &c.; and the Application and Relative 
Value of Manures, By William Vouaxt, F-sq., V.S. Twelfth Edition, En¬ 
larged by Robert Scott Burn, Author ot “ Outlines ot Modern Farming," 
“ Systematic Small Farming," &c. One large 8vo volume, 8(x> pp., with 244 
Illustrations, ii u. half-bound. 

The standard and text-book with the farmer and graxier.”—A/inurr-r Maffaxine. 

“A treatise which will remain a standard work on the subject as long as British agriculture 
endures."— Afar-fe Lane Express (First Notice). 

" The book deals with all depar*nents of agriculture, and contains an immense amount of 
valuable Infonnation. It is, in fact, an cncydopiedia ot agriculture put into readable form, and it 
is the on^ work equally comprehensive brought down to present date. It is ezccnently printed on, 
thick paper, and strongly bound, and deserves a place ta the library of every agncutturlst.”—dfere 
Aa»« Express (Second Notice). 
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IPlour Manufacture, Milling, etc. 

FLOUR MANUFACTURE: A Treatise on Millinj? Science 
and Practice. By Friedrich Kick, Imperial Rogierungsratli, Professor of 
Mechanical Technology in the Imperial German Polytechnic Institute, 
Prague. Translated from the Second Enlarged and Revised Edition with 
Supplement. By H. H. P. Powlbs, Assoc. Memb. Institution of Civil En* 
gincers. Nearly 400 pp. Illustrated with 28 Folding Plates, and 167 Wood- 
cuts. Royal 8vo, 2SS. cloth. \Jusi published. 

" This valuable work is, and will remain, the standard authority on the science of milllne. . . 
The miller who has read and digested this work will have laid the foundation, so to speak, of a suc- 
MSsful career ; he will have aciiuired a number of general principles which he can proceed to 
apply. In this handsome volume we at last have the accepted text-book of modern milling in good, 
sound Ungllsh, which has little, if any, trace of the German idiom.”— 7 'ke MtUer. 

*• Professor Kick tieats tlie subject so thoroughly both on its theoretical and practical sides that 
his work is well suited to be a text book of technical educ-ition anywhere.”— 

“ The appearance of this celebrated work in English is very opportune, and liiitish millers 
will, we are sure, not be slow in avaiiuig lliciiaelves of its pages."— Oaseite. 

Small Farming, 

SYSTEMATIC SMALL FARMING; or, The Lessons of my 
Farm. Being an Introduction to Modern Farm Practice for Small Fanners 
in the Culture of Crops; The Feeding of Cattle : The Management of the 
Dairy, Poultry and Pigs; The Keeping of Farm Work Records jThe Ensilage 
System, Construction of Silos, and other Farm Buildings; The Improve¬ 
ment of Neglected Farms, &c. By Robert Scott Burn, Author of " Out¬ 
lines of Landed Estates’ Management," and “ Outlines of Farm Manage, 
ment," and Editor of “ The Complete Grazier." With numerous Illustrations, 
Clown 8vo, 6s. cloth, 

"Tills is the completest book of its class we have seen, and one which every amateur farmer 
will read with pleasure and accept as a guide.”— Field. 

“ Mr. Scott Burn’s pages are severely practical, and the tone of the pr.ictical man is fell 
throughout. The book can only prove a treasure of aid and suggestion to the small tarmerof 
Intelligence and energy ."—British Quarterly Revtev, 

“The volume contains a va|> amount of useful information No branch of farming is left 
untouched, from th" labour to be done to tlic result® achieved."—Gfa-tgori/ Herald. 

Modem Farming, 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops—Farming and Farming Economy—Cattle, Sheep, 
and Horses—Management ot tlie Dairy, Pigs and Poultry—Utilisation of 
Town-Sewage, Irrigation, &c. Sixth Ed^ition. In One Vol., 1,250 pp., half¬ 
bound, proiusely Illustrated, 12.S. 

"The aim of tlie author has been to make his work at once roniprchensive and trustworthy, 
and in this aim he has succeeded to a degree whn.h entules him to much credit .”—Morning 
Aavertiier. 

"Hr'inently calculated to enlighten the agriailtur.il community on the varied subjects of 
which It treats, and hence it should hnd a plai e in every fanner’s libr.iry.”—Ct/y Press. 

" No fanner should be withoufthis book ."—Banbut y Cuai diait. 

A gricultural Fngineering, 

FARM ENGINEERING, THE COMPLETE TEXT-BOOK OF? 

Comprising Draining and Embanking; Irrigation and Water Supply; Farm 
Roads, Fences, and Gates; Farm Buildings, Iheir Arrangement and‘Com 
struction,with Plans and Estimates; Barn Implements and Machines; Field 
Implements and Machines; Agricultural Surveying, Levelling, &c. By Prof. 
John Scott, Editor of the Farmers' Gazette, late Professor of Agriculture 
and Rural Economy at the Royal Agricultural College, Cirencester, &c. &c. 
In One Vol., 1,150 pages, half-bound, with over 600 Illustrations, 12$, 

*' Written with great care, as well as with knowledge and ability. The author has done his 
work well; we have found him a very trustworthy guide wliemcr we have tested his statements. 
The vo'iiinie wall be of great value to agricultural students .”—Mark Lane Isxpress. 

* I‘or a young .-ignculturist we know of no liaiidy volume so kkely to be more usefully studied." 
—Bell's fVeekiy Messenger, 

English Agriculture, 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 

Agriculture, adapted to the Syllabus of the Science and Art Department. 
For Elementary and Advanced Students. £y Hugh Clements (Board of 
Trade). i8mo, as. 6 d. cloth. 

"A most comprehensive volume, giving a mass of information ."—Agricultural Bcofiemist. 

*' It Is a long time .since we h.ive seen a book which has pleased us tnorci or which contains 
such a vast and useful fund of knowledge."— limes. 
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Farm and Estate BooU-lceeping, 

BOOK-KEEPING FOR FARMERS & ESTATE OWNERS. 
A Practical Treatise, presenting, in Three Plans, a System adapted to all 
Classes of Farms. By Johnson M. Woodman, Cbarterea Accountant. Crown 
8vo, 3S. 6d. cloth. f 

"Will be found of great assistance by those who intend to commence a system of book-keep¬ 
ing, the author's examples being clear and explicit Jand his explanutums, while full and accurate^ 
being to a large extei* free from technicalities ."—Live StaeJ^ Jourtial, 

Farm Account Book, 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving 

a Weekly Labour Account and Diary, and showing the Income and Expen¬ 
diture under each Department of Crops, Live Stock, Dairy, &c. &c. With 
Valuation, Proht and Loss Account, and Balance Sheet at the end of the 
Year, and an Appendix of Forms. Ruled and Headed for Entering a Com¬ 
plete Record of the Farming Operatftns. Sy Johnson M. Woodman, 
Chartered Accountant, Author of “ Book-keeping ior Farmers.” Folio, 
7s. 6 d. half-bound. 

"Contains every requisite form for keeping farm accounts readily and accurately.’’—.ifgwi- 
ntlture. 

Early Fruits^ Flowers and Vegetables, 

THE FORCING GARDEN; or, How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans, and Estimates for Building Glass¬ 
houses, Pits and Frames. Containing also Original Plansfor DoubleGlaeing, 
a New Method of Growing the Gooseberry under Glass, &c. &c., and on Venti¬ 
lation, Protecting Vine Borders, &c. With Illustrations. By Samubi, Wood. 
Crown 8vo, sj.eii. cloth. 

" Mr, Wood's book is an original and exhaustive answer to the question * How to Crow Early 
Fruits, Flowers and Vegetables I* "—Land and Water, 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or, Howto Grow 

Vegetables, Fruits, and Flowers. With Practical Notes on Soils, Manures, 
Seeds, Planting, Laying-out of Gardens and Grounds, &c. By S. Wood. 
Third Edition, with considerable Additions, &c., and numerous Illustrations. 
Crown 8vo, 5s. cloth. 

"A very good book, and one to be highly recommended as a practical guide.”— Athmentm. 

" May be recomniendud to young gardeners, cottagers, and specially to amateurs, for the ptala 
and trustworthy inioriuation it gives on common matters."— Gardeners' ChronecU. 

Gainful Gardening, 

MULTUM-IN-PARVO GARDENING’, or. How to make One 
Acre of Land produce £620 a-year by the Cultivafton of Fruits and Vegetables ; 
also. How to Grow Flowers in Three Glass Houses, so as to realise £if6 per 
annum clear Profit. By Samuel Wood, Author_^f “Good Gardening,’*'«c. 
Fourth and cheaper Edition, Revised, with Additions. Crown 8vo, i*. sewed. 
" Wc are bound to recommend it as not only suited to the case of Uie amateur and gentleinaa'a 
gardener, but to the market grower.”— Gardeners' Magaxine. 

Gardening for Ladies, 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 

and Amateurs' Complete Guide, With Illustrations. By Samuel Wood. 
Crown 8vo, 3s. 6d. cloth. 

" Full of shrewd hints and useful instructions, based on a hfetime of experience."— 

Beceipts for Gardeners, 

GARDEN RECEIPTS, Edited by Charles W. Quin, izmo, 

15 . 6d. cloth limp. 

"A useful and handy book, containing a good deal of valuable itiCoitDatian.”—A tAenteum, 

Kitchen Gardening, 

THE KITCHEN A ND MA RKET GA RDEN. By Contributors 
to ” The Garden/^Compiled by C. W. Shaw, ixmo, 3s. 6d. cloth boards. 

" The most valuabl^ompendium of '-itchen and market-garden work published."—/TarwMr. 

Cottage Gardening, 

COTTAGE GARDENING; or, Flotvers, Fruits, and Vegetables for 

Small Gardens. By E, Hobday, izrao, rs. 6d. cloth bmp. 

"Cou.-ains much useful information at a small charge."—G/arg-cw HtraU, 
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ESTATE MANAGEMENT, AUGTIONEEBING, LAW, etc. 


Uudson^a Land Valuer’s VocJcet-Boolc, 

THE LAND VALUER'S BEST ASSISTANT: Being Tables 
on a very much Improved Plan, for Calculating the Valu%of Estates. With 
Tables for reducing Scotch, Irish, and Provincial Customary Acres to Statute 
Measure, &c. By R. Hudson, C.E. New Edition. Royal .samo, leather, 
elastic band, 45. 

“This new edition Includes tables for ascertaining the value of leases for any term of years; 
nnd for sliowing how to lay out plots of ground of certain acres in forms, square, round. See., with 
valuable rules for ascertaining the probable worth of standing timber to any amount; aitd is of 
incalculable value to the country gentleman and professional man.”— ^^artners' ^yournal, 

Ewart’s Land Idnproi^er’s Eocket-BooJi, 

THE LAND IMPROVER'S POCKET-BOOK OF FORMULAE, 
TABLES and MEMORANDA requv’cd in any Computation relating to the 
Permanent Improvement of Landed Propetiy. By John Ewart, Land Surveyor 
and Agricultural En^nuer. Second Edition, Revised. Royal 32010, oblong, 
leather, gilt edges, with elastic band, 4s. 

“A compendious and handy little volume. 

Complete Agricultural Surveyor’s Boehet-Book, 

THE LAND VALUER'S AND LAND IMPROVER’S COM¬ 
PLETE POCKET-BOOK. Consisting of the above Two Works bound to¬ 
gether. Leather, gilt edges, with strap, 75. 6 d. 

" Hudson's book is the best ready-reckoner on matters relating to the valuation of land and 
crops, and its combination with Mr.Ewart's work greatly enhances flic value and usefulness of the 
i^tter-iuentioned. , . . It is most useful as a manual for reference.''— 

« 

Auctioneer’s Assistant, 

THE APPRAISER, A UCTIONEER, BROKER, HOUSE AND 

ESTA TE A GENT AND VAL UER’S POCKET A SSISTA NT, for the Valua¬ 
tion for Purchase, Sale, or Renewal of Leases, Annuities and Reversions, and 
of property generally; with Piices for Inventories, &c. By John Wheeler, 
Valuer, &c. Fifth Edition, re-written and greatly extended by C. Norris, 
Surveyor, Valuer, &c. Royal 32010, 5s. cloth. 

“ A neat and concise book of reference, contamlng an admirable and clearly-arranged list of 
prices for inventories, and a very pctcLical guide to dcterniiue the value of furimurc,<&c.''--!yra7i<fa,',f. 

“jContains a large quantity of varied and useful information as to the valuation for purchase, 
sale, or renewal of leases, annuities and reversions, and of property generally, with prices for 
inventoncs, and a guide to det^mme the value of ulterior fittings and otlier effects.”—A'Mit'Affr. 

Auctioneeriny, 

A UCTIONEERS: Their Duties and Liabilities. By Robeijt 

Squibbs, Auctioneer. Demy Svo, los. 6 d. cloth. 

“The position and duties of aurtioneers treated compendiously and clearly."—A 
“Every auctioneer ought to possess a copy of this excellent work."— lronme>t£er, 

“ or great value to the profession. ... We readily welcome this book from the fact that U 
treats tlie subject in a manuer somewhat new to the profession.’’—ifr/arrr' Getsetie, 

Legal Guide for Pawnbrokers, 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' 
GUIDE TO THE LAW OF LOANS AND PLEDGES. With the 
Statutes and a Digest of Cases on Rights and Liabilities, Civil and Criminal, 
as to Loans and Pledges of Goods, Debentures, Mercantile and other Se 
curities. By H. C, Folkard, Esq., Barrister-at-La\-, Author of " The Law 
of Slander and Libel,” &c. With Additions and Coiv'sctions to 1876. Fcap. 
8vo, 3s. 6d. cloth. 

“ This work contains simply everything that requires to be known coucerning the department 
of the law of which it treats. We can safely commend the book as unique and very nearly perfect." 
—iron. 

“ The task undertaken by Mrl^olkard has been very satisfactorily performed. . . . Such ex¬ 
planations as are needfhl have been supplied with great clearness and with due regard to beq^y,' 
City Presi. 
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U[mv ta Invest. 

HINTS FOR INVESTORS: Being an Explanation of the Mode 
ot Transacting Business on the Slock Exchange. To which are added Com* 
meats on the Fluctuations and Table of Quarterly Average prices pf Consols 
since 1759. Also a Copy ot the London Daily Stock and Share List. By 
Walter M. Playford, Sworn Broker. Crown 8vo, as. cloth. 

" An invaluable to Investors and speculators.”— Bullionist, . 

Metropolitan Rating Appeals. 

REPORTS OF APPEALS HEARD BEFORE THE COURT 
OF GENERAL ASSESSMENT SESSIONS, from the Year 1871 to 1885. 
By Edward Ryde and Arthur Lyon Rydb. Fourth Edition, brought down 
to the Present Date, with an Introduction to the Valuation (Metropolis) Act, 
i860, and an Appendix by Walter C. Ryde, of the Inner Temple, Barrister- 
at-Law. 8vo, i6s. cloth. - ^ ^ 

. “ A useful work, occupying a place mld.way between a handbook for a lawyer .md a puide to 

the surveyor. It is compiled by a gentleman eminent iii liis profession as a land .is'ont, whose spe- 
' cialty, It la acknowledged, lies intbe direction of assessing property for rating purposes .'*—Land 
^£tnts' Record. 

Mouse JProperty. , 

HA NDBOOK OF HO USE PR OPERTY. A Popular and Practical 

Guide to the Purchase, Mortga^, 'Tenancy, and Compulsory Sale of Houses and 
La»d, including the Law of Dilapidations and Fixtures; with Examples of 
all kinds of Valuations, Useful Information on Buildings, and Suggestive 
Elucidations of Fine Art. By E. L. Tarbuck, Architect and Surveyor. 
Fourth Edition, lamo, 5s. cloth. [Just published. 

*' The advice is thoroughly practical."—Z«rw yottmal. 

•'This is a well-written and thoughtful work. We commend the work to the careful study of aH 
Interested in questions affecting bouses and land."— I.and A^ent^ Record (First Nonce). 

“ Carefully brought up to date, and much improved by die addition of a division on fine art. 
’—Land Agents' Record (Second Notice). 

Inwoodls Estate Tables, 

TABLES FOR THE PURCHASING OF ESTATES, Freehold, 
Copyhold, or Leasehold; Annuities, Advowsons, etc., a.ud for the Renewing of 
Leases held under Cathedral Churches, Colleges, or other Corporate bodies, 
for Terms of Years certain, and for Lives j also for Valuing Reversionary 
Estates, Deferred Annuities, Next Presentations, &c.; together with Smart’s 
Five Tables of Compound Interest, and an ExtRnsion of the same to Lower 
and Intermediate Rates. By W. Inwood. 22nd Edition, with considerable 
Additions, and new and valuable Tables ot Logarithms for the more Difficult 
Computations of the Interest of Money, Discount, Annuities, &c., by M. Fedor 
Thoman, of the Soci6t6 Credit Mobilier of Paris, zzmo, 8i. cloth. 

"Those interested in the purchase and sale of estates, and in the adjustment of cpmr>ensation 
cases, as well as in transactions in annuities, life insurances, &c., will hud the present cUitiuii uf 
en^ent s^^dct!."—JSngtneenHg. ‘ 

• ‘ ‘ Iijwood'a Tables ’ still maintain a most enviable reputation. The new Issue has been enriclied 
by large additional contributions by M. Fedor Thoman, whose carefully arranged Tallies cannot 
fail to bo of the utmost utility."— youmal. 

Agricultural anil Tenant-Right Valuation, 

THE AGRICULTURAL AND TENANT-RIGHT-VALUER'S 

, ASSISTANT. A Practical Handbook on Measuring and Estimating the 
Contents, Weights and Values of Agricultural Produce and Timber, the 
Values of Estates and Agricultural Labour, Forms of Tenant-Right-Valua¬ 
tions, Scales of Compensation under the Agricultural Ploldings Act, 1883, 
&c. &c. By Tom Bmght, Agricultural Surveyor, Author of “The Live 
Stock of North Devo^" &c. Crown 8vd, 3s. 6 d. cloth. [Just published. 
“ Full of tables and eira|^les in connection with the valuation of tenant-right, estates, labour, 
contents, and weights oQflnber, and farm oroduce of all kinds. The book is well (.alculated to 
assist the valuer in the discharge of his duty."— Agricultural Gasette. 

"An eminently pc^lcal liandbook, fuU ot pr.'ictical tables and data of undoubted interest and 
value to surveyors and auctioneers in preparing valuations of all kinds."—Rarmer. 

" Shows at a glance the value of land, crops, and the cost of seeding, harvesting, Sec. Arc. It 
is a re^y practicai and useffil handbook, for which we anticipate a very large skle/'—Reading 
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CROSBY LOCKWOOD <&• SOK'S CATALOGUE. 


A. Complete Mpitome of the Laws of this Country, 

EVERY MAN'S OWN LAWYER: A Handy-book of the 
Principles of Law and Equity, By A Barrister. Twenty-fifth Edition, 
Reconstructed, Thoioughly Revised, and much Enlarged. Brought down to 
the end of last Session, ana inclnding careful Digests of—Corowrrs Act, 1887; 
Probation of First Offenders Act, iB^ji Marganne Act, 1887; AgtieuUurai 
Holdings {England) Act, i88j; Cottage Gardens {Compensation for Crops) Act, 
1887; B^ankr^tcy Act, 1K83; Allotments Act, 1887; Merchandise Trade Maths 
Act, 1887; Truck Amendment Act, 1887; Water Companies {Regulaiion of 
Powers) Act, iSSy; Registration of Deeds of Arrangements Act, i&Bj. Crowi, 
8vo, 684 pp., price 6s. Bd. (saved at every consultation I), strongly bound in 
cloth. [Jfust published. 

THE BOOK WILL BE FOUND TO COMPRISE (AMONGST. 
OTHER MAT'rER)— 

THH RIGHTS AND WRONGS OF INDIVIDUALS—MHRCANT 1 I.B AND COMMERCIAL LAW 

—Partnerships, Contracts and agreements — Guarantees, principals and 
AGENTS—Criminal Law—Parish Law—County Court law—Game and Fishery 
Laws—Poor Men’s l^wsuirs—L aws cf Bankruptcv-Wagers—Cheques, Bills 
and notes—Copvright—Eusctions and registration—Insurancet^ibel and 
Slander—marriage and Divorce—merchant Shipping—Mortgages—settle- 
MENi'S—STOCK Exchange Practice—Trade Marks and Patents—Trespass—Nui¬ 
sances—Transfer OF Land—W 1L1& Ac. &c. Abo Law for Landi-ord and tenant 
—Master and servant—Heirs—Devisees and Legatees—Husband and Wife- 
Executors AND TRUSTEES—guardian AND WARD-MARRIED WOMEN AND INFANTS 
—Lender, Borrower and sureties—Debtor and creditor—purchaser and 
Vendor—Companihs—Friendly societies—clbrcymbn-churchwardbns—Medi¬ 
cal Practitioners—Bankers—Farmers-Contractors—Stock brokers—Sports- 
MKN—Gamekeepers—Farriers— Horse Dealers—Auctioneers—House Agents— 
Innkeepers -Bakers—Millers—pawnbrokers—Surveyors—Railways and Car¬ 
riers—Constables—Seamen—soldiers, &c. &c. 

iaf“ The following subjects may be mentioned as some of those which have re- 
ceived special attention during the present revision: —Marriage of British Subjects 
Abroad; Police Constables; Pawnbrokers; Intoxicating Liquors Licensing; 
Domestic Servants; Landlord and Tenant; Vendors and Purchasers; Parlia¬ 
mentary Elections; Municipal Elections; Local Elections; Corrupt Practices at 
all Elections; Public Health and Local Government and Nuisances; Highways; 
Churchwardens; Vestry Meetings; Rates. 

It is believed that the extensions and amplifications of the present edition, 
while intended to meet the requirements of tne ordinary Englishman, will also 
have the efibct of rendering the book useful to the legal practitioner in the 
country. 

One result of the reconstruction and revision, with the extensive additions 
thereby necessitated, has be-yn the enlargement of the book by neatly a hundred and 
fifty fiages, wmle the price remains as before. 

J** Opinions of the Press. 

“It Is a complete code of lln);lish written in plain language, which all can understand. 
.... Should be in tl.^ hands of every business mas, and all who wish to abolish lawyers bills.”— 
tf'eeiiy Times. 

"A useful and concise epitome of the law, compiled with considerable carp .”—Leew Magaaine. 

" A ccHjcUe, cheap and complete epitome of the English law. So plainly written that Iw w'bo 
tuns may read, and he who reads may understand.*’— 

“ A dictionary of legal facts well put together. The book is a very useful one.” - .V/rdwior. 

“ A work which has long been wanted, which is thoroughly well done, and wliicli we most 
cordially recommend.''—iwwtfotj' Times. 

Private Pill JLegislation cmcl Provisional Orders, 

HANDBOOK FOR THE USE OF SOLICITORS AND EN^ 
GINEERS Engaged in Promoting Private Acts of Parliament and Provi. 
sional Orders, for the Authorization of Railways, Tramways, Works for the 
Supply of Gas and Water, and other undertakings of a like character. By 
L. Livingston Macassky, of the Middle Temple, Barr:ster-at-Law, and 
Member of the Institution of Civil Engineers; Ab^or of “ Hints on Water 
Supply.’’ Demy 8vo, 9SO pp., price 25*. cloth. ‘’q {Just published. 

” The volume is .1 desideratum on a subject which can be an^ a'c’^^dred l>y practical experi¬ 
ence, and the order of procedure in Private Bill Legislation and JProvisi't lal t>rders is followed. 

-or's suggestions and notes wJl be found of groat value to engineers ^id others profession- 
aSfy in iliis class of practice."— 

“ The author's double experience as an engineer and barrister has eminently qualified hfm for 
. —j 1.1-1 W,J_ -1. .1-.ti—. _,!u_ e -—j-..,.:-^int of 

'' )ro(rioting 
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